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Attached Distribution suBJEcT Summary of Recirculating
Water Treatment Tests for
March through June, 1956

KP-5T70, Part No. 17
In addition to discussions of operating results of all recirculating
water systems, this report contains the usual "long=term™ corrosion
curves and "short=term®™ corrosion curves for the K=31 and K=33 recircu-

lating water systems.

Freon Condenser Corrosiocn

After about eight months of operationy; a2 large amount of information has
been obtained and compiled by the Engineering Development amd Metallurgy
Departments. Frcm their interim reports, the following points appear to
be most sigmificants

1) The K-3l return test condenser at 152° F is showing very defi=
nite pitting while the K=33 return at 140° F shows no pitsets
These return test condensers do not have a heat load on them
and are comparable to the Utilities Department copper test nip-
ples. Results obtained on the K=31 test condensers are further
discussed under "B Ioop (K=3L)% test and operating results.

2) There is a siight localized attack on the K-33 supply condenser
tubes (10L° to 155° F) and none in the K=31 supply (85° to
140° F)o3sLs>  Apparently the heat load aids the Calgon-Coraid
treatmient as used in K=31 to lay down a protective film.

]"I‘echnical Division Weekly Report for the Week Ending May 25, 1956,
Union Carbide Nuclear Company, Ozk Ridge Gaseous Diffusion Plant, May
28, 1956, (KLI=-3525-=48). (Secret) ‘

2pechnical Division Weekly Report for the Week Ending June 8, 1956,
Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant, June
]J., 19569 (KI-I-3525-50). (Secre’b)

3(K[-I'-'3»525-’)48) s ODe Cito (Secret)
h(KLI-"3525-50)9 op. cit. (Secret)

[y

STechnical Division Weekly Report for-the Week Ending June 29, 1956,
(KLI-3800, Part 1). (Secret)
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3) Twenty selected tubes were removed from K-=33 condenssr K~90Z&={,2
odd (ERD # 638). This unit had been cut cf service three times
previousiy for plugging and is now %o be shipped out for retub-
ing. The twenty %tubes were so selected as to represeant smme
plugged during each of the three ocubages in addition %o randowiy
selected open tubes.

Examination by Metall‘urgyé revealed that itubercniation and pit=-
+ing was generally more severe in tubes from the first and
secsond passes than tubes from the third and fourth passes by a
mmmerical factor of three. The bettom halves of all tubes are
generally more severely attacked than the %op halves by a fasber
of four. No significant difference was found in the amount ard
severity of tuberculation and pitting in the open tub¥s compared
+o those piugged=-which seems to indicats that improved water
treatment at K-33 iz having a beneficial effect on reducing the
rate of attacke

i} The K-801=A test condenser was started on similated Nalco Lreab-
ment on May 28. On June 15, the test system was inadvertently
drained, and three tubes were removed at this time. In this
period of time no pits had developed; and only 10 to 20 pexr cent
of tube surface showed light etching. The test loop was re-
started on June 22, and present plans are to discontinue ths
Nalco trial on July 22 so that a test run may be mads on unchlo-
rinated Poplar Creek water.

Tests and operating resulbs of the individual lcops are as foilowss

A Ioop (E=-25 East)

During this report pericd, the "A" loop supply temperature was slowly
jnereased from 80° to 95° F. Apparently the increased velceliy resuilded
in some cleaning of the coolers, as the average watsr control vaive posi-
+ions as measured in K=309=-2 changed from 55 t¢ L5 per cent open. Thers
was, however, a total flow increase from 18 to 52 milijon galicns per
day, which is much less than would be expected for a fifteen-degree riss
in supply temperature. The main purpose for the increase in AT doop
supply bemperature is to equal that of "B" loop so that the twe systems
may be “ied together for greater operationai safeby and £lexibility.

B Ioop (K=25 Wesd)

There were no significant ché.nges in heat transfer characteristics, as
both the tobal loop pumpage and the watexr vontrol valve positions as

6’Tec'h:o:i.c.fa:i. Division Weekly Repori; forthe Week Ending Jume 22, 1956,
(KLI-3525=52). (Secres)
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measured in K-30L-l; showed little changs.

C Loop (K=27/K=29)

In May the control point for the "C" loop supply temperature wag raised
from 80° o 85° F to obbtain higher water velocities. During the repsrd
period the pumpage requirements.increased from L9 %o 56 mililer gallons
per day. This increase was apparently fairly evenly divided between
K-27 and K-29, as the water control valves in K-}02~3 changed from 56 to
62 per cent open, and the control valves in K-50Z-1 changed from 26.5 to
30 per cent open.

In May a K=-29 freon condenser (K-502-3.8) was removed from service be-
cause of freon leakage. Examination of two tubes revealed severs pite
ting., This was the first evidence of severe pitting of K-29 condensers,
and immediate changes were made in an attempt %o cbbain more ccopper pro-
tection. The Calgon-Coraid treatment, as used on ®E"™ lcop, was sitarted
June 2, with t he Coraid feed rate of 5 ppm every morning and an sddition=
al 2 ppm twelve hours later. As at. K=31, the feed rates are based on
loop volumes==not related to pumpage, make-up or blswdown.

The badly pitted comdenser which was originally installed in K=502-3,10
was removed April 26, 1955, and modified (tube sheet resoldered, etc.).
This condenser was then reinstalled in the K= 502=3.8 position and was
the first modified condenser t9 be examined after additional services
Metallurgy advanced the theoz'y7 that the cleaning treatment during the
first outage may have initiated:the pitting--case history of cleaning
operation is not positive, but it is believed that the condenser had a
trichloroethylene dip both befare and after an alkaline dip treatment.

Metallurgy's hypothesis was apparently substantiated vhen another con-
denser from K-29 (K~502-2,10) that had not been ®modified®™ cr cleansd

was examined. Four tubes frog this condenser were thordughly exemined
and revealed only minor pits.

Test condenser ERD 6D3-403 was reinstalled on the K=29 supply on June L
with nine new tubes to momitor this change in "C®" lcop water treatment.

After reviewing the information obtained from examination of the secondi
cordenser that had not been ™modified,” it would s eem that the change in
water treatment was unjustified; but now that the poor condition 3f ail
"modified™ condensers has apparently been revealsd, superior treatment
is certainly needed to delay the expected additicnal failuress Bebs
dianodic treatment would have been used but for the asscciated chromate

7Technical Division Weekly Repor: for the Week Ending June 1, 1956,
(KLI-3525=9), (Secret)

B(KLI-3525-50), ops c¢ike (Secret)
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problem with blowdown, nonreturn usage, and firewater pumpage from K=832,

Actually all our operating experience a% K-25 indieates that there is
no need for specific copper protection when operabting at a pH of above
6.5, However, after starting corrcsion by one means or another, it may
not be advisable to return to treatments tha% would otherwise be accept-
able. ' .

E Loop (K=31L)

The "E" loop supply temperature was slowly rzi.:’ Zrom 86° 4o 95° F
during this report period for the purposs of inureasing water welocities
and cleaning the condensers. The results have been very gratifying, as
this appreciable change in supply temperature was accompanied only by an
incr;ase in pumpage requir ements of five miilion gallons per day (7 per
cent)e '

The Utilities Department‘’s copper corrosion test nipples, whick were re=-
moved after 179 days® service on April 10, shaved serious pittingy par=
ticularly on the return water. Calgon representatives were immediately
contacted,. and it was their recommendation that the WE? loop Coraid feed:
requirements be increased to the 7 ppm daily feed rate, added as previ=
cusly described under %C Loop" of this report. Thfs increass was made
on May 1li, and additional corrosion test nipples were installed to check
this change in water treatment.

To date the effectiveness of the Calgon-Coraid treatment has been diffi-
cult to analyze. The Utilities test nipples, with no heat transfer and
. the return water test condensers with no heat transfer; show pits at the
Mow? Coraid feed rates. However, the supply test condenser, W th a
heat load comparable to the Cascade condensers, shows no pitse It may
be that Calgon-Coraid will give excellent resuits where actually neededo
To check the effectiveness of this treatment, a K=31 process condenseyr
will beremoved soon for evaluation of conditionas compared to knowa
condition in July 1955.

To prevent neglect of steel corrosion in ouwr present concentration on
copper, a specimen from the K=31 system (also K=33 as later described)
wes submitted to Metallurgy. This specimen was a section of L® steel
pipe from the return line of the P& E station., This line had been in
continuous service for the last 3% years. Metallurgy's repors indicates
no severe pitting and a maximum of 8 per cemt loss of its nominal wall
thickness due to corrosion. This report is reassuring, as the sexrvice
time covers all of 1953, during which four Macid cleanings®™ took place.
A1l previously submitted specimens from K-31 to Metallurgy were cast

9 Tetter from C. R. Barlow and Wo Wo Latham, Metallurgy Department,
Technical Divisiony to C. C. Fowlkes entitied "K=31 and K=33 Water Iines,®
dated May 11, 1956, (EKLI-3771)e




iron elbows which, while showing no appreciable corrosion, prebably were
not representative of the steel piping.

G Loop (K=33)

Considerable improvement was made in heabt transfer during this repord
period as would be indicated by pumpage *equa.%anen s and return water
temperatures. Pumpages decreased from 240 ts 219 miliisn gailoms per
day, and the r eturn water temperature increased fxcm 1LE° 4o 352° F,
Improvement is believed to be due primagily to lewer loop concentyration
ratios and reduced Orocol feed rates. Paradoxically, this _mpr@vemen"f
is rot reflected in the water control valves as measured in K=902<k,
where sn inereased opening from 57 to 65 per cent was recoxrdeds

The Betz dianodic trestment is apparently doing a very goed joby a
there have been only six condenser failures during this report psricdg
and all test condenser and test nipple information is encouraginge

A disk was cut from the K=33 supply header, northsile, represenﬁing 13

service years and was submitied to the Metallurgy Depariment for exam-
ination. Theix repox"&;10 shows only negligible attacke

Monthly Average Water Analyses

Attached are separate monthly average water aralyses sheed: f:ir each
month covered by this report. Some points of interest are as £ollowss

1, After March, the "EM lcop consistently had the highest dissoived
solids concentration. These relatively high concentzations were
obtained although all available K-801=A maks-up water was ubi-
lized. If necessary to lower the concentration ratic, make-up
water from K-=891 will have to be used.

2, The Coraid feed rate for ¥E® lcop was increased on May 1k, and
this increase is reflected in inereased cs t for May and Juneo
Where the Betgz dianodic treatment previousiy cest aboub 2-5-
times as much as Calgon=Coraid, the June result shows a c¢ompar-
ative cost of only about 4O per cent more on a BoT.U. basis.

3. The %C" loop water ireatment was changed to Cal gon=Coraid cn
June 1. The Coraid is being fed ai the same relatively "highW
rate as is being used on YE" loop; as a resuls, the ®C™ loop
treatment costs increased for Junse It has been previously
mentioned that Calgon-Coraid treatment was less expensive than
Calgon Composition T treatment, bub this is true only at the
lower Coraid feed rates previously used.

B11a4,
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li) The dissolved copper concentrations for all loops were consist-
ently lower than 0.05 ppm.

5) As previously, only "C" and "E" recirculating water loops, with

iower chlorine additions, show any sigrificant' amounts of man-
ganese.

Graphs of Steel and Copper Corrosion Rates

Attached are four steel and three copper "lomg=term® corrosion test
curves., These curves, now representing close tc two contimuous service
years, are self-explanatory and, in general, satisfactory. The "G® loop
copper supplys which previously was high, cm tinues to drop with the use
of the Betz dianodic treatment.

Also attached are two "short-term® corrosion test curves for "E® and "G
loops. These curves, one for copper and the other for steel, show the
corrosion rates for the K=31 and K-33 recirculating water systems after
changing to Calgon-Coraid and Betz dianodic, respectively. All of these
rates are at present considered to be satisfactory.

a.C. %ﬁa-j 2
C. C. Fowlkes o
Approveds K
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MONTHLY AVERAGE WATER ANALYSES - MARCH, 1956

POPLAR RECIRCUIATING WATER IOOP
P.P.M. CREEK K=-801-p K=891  fA? 1B 1Ce - 6t

Tctal Dissolved Solids 79 108 95 25} 28C 35 339 358
Meta-Fhosphate as NaFO, 0 0 0 6s55  7e97  T.72  8.2h  5.b
Ortho-Phosphate as NaIOé 0,09 0,09 0,03 7.68 8,03 6,05 8,81 12,35
Total Hardness as caco'3 68 i Th 133 140 159 168 180
Caleium as CaCOq L6 51 53 91 87 ph] 110 108
M-Alkalinity as CaCOg 52 L2 Ly i 1 12 8 16
Turbidity as Si0, UCo6  12.2 Le9 20e5 2047 28,5 2L.2  57.8
Copper as Cu 0 0 0 0,04  0o0Lh 0,04 2,0k 0,0k
Total Iron as Fe 1.63 2,06 Co85  1o59 1,51 1.98 1,93 3.58
Chromates as Cx0) - - - - - - - 22074
Sulphate as (S0)) 21 39 22 1 95 15% 172 156
Suspended Solids 6.8 Lol Se.6 11,8 11,8 19,3 12,2 22,2
Manganese as Mn 0.05 0407 0,0k © 0 0.21 0.3 O
Z2inc as Zn - - - - - - 0690 -
pH TeS1 7028 6,80 60,79  6.8Q 6o56  €.09 540D
Recirculating Water - - - Calgon Calgon, Calgon~ Betz

Treatment Used Comp, T Coraid Diancdic
Total Chemical - - - $0.597 $1.,308 $1.483 $2.437

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - 3,07 3073 3019 6096

Treatment Costs
in Mils per MM
BTU Removed

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators?! hourly readings.



MONTHLY AVERAGE WATFR ANALYSES - APRIL, 1956

FOPLAR RECIRCULATING WATER LOOP
PoPaMs CREEK K«801-a K-891 ~ TAl BT G & Gt

‘Total Dissolved Solids 112 135 1y 252 265 312 378 353
Meta-Phosphate as NaPOy O 0.03 0 5,79 5,83  6.56  T.19 523
Ortho-Phosphate as NaFOy 0.1l 0,11 0,09 7027  To72 5423 9417 11.98
Total Hardness as Caco'3 7 76 75 U3 w6 1k 180 1k
Caleium as CaCOy 51 53 53 88 91 1i0 118 98
M-Alkalinity as CaCOg L7 48 1 ié 16 i 10 16
Turbidity as S10, 58.8  11l.9 5.2 25,9 26,2 29,3  27.3  27.h
Copper as Cu, 0 0 0 0.0, 0,04 0,05 0.0 0,04
Total Iron as Fe 1,20 1,18 0e8h  1.92 192  1.86  Loh2 3,27
Chromates as CrO), - - - - - - - 19,78
Sulphate as (SOh) i) 19 20 Th 82 99 12k i1k
Suspended Solids 7.4 8.0 Ol 1502 16,6 18,0 1642  18.3
Manganese as Mn 0.0h4 04,04 004 © 0 0,18 0630 0.02
Zinc as Zn - - - - - = 1,00 -
pH 7.38  7.23 6.63 6478 678 6,56 €,10 6,01
Recirculating Water - - - Calgon Calgon, Caigon- Bétgy

Treatment Used . Comp. T Coraid Dianodic
Total Chemical - - - $0,562 $1.217 $1.323 $2.577

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - 2.57 3054 3.02  7.05

Treatment Costs
in Mils per MM
BTU Removed

A1l water analyses are averages of those made in the Process Utilities Laberatory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators? hourly readings.

I S R I N




MONTHLY AVERAGE WATER ANALYSES - MAY, 1956

POPLAR RECIRCULATING WATZR IOOP
PoPM. CREEK K-801-A K=-891 ~ VAV =l kel TR TGT
Tc4al Dissoived Soiids 158 151 196 319 322 4iz 590 530
Meba-Phosphate a5 NaPOg 0 0 0 dolis Lot3 £e38 TedS  heSh
Ortho-Phesphate as NaPO, Colily 00,35 0,20 6043 £.86 So8L 1063 12,97
Total Hardness as CaLCO3 74 107 103 i71 183 215 302 262
Calcium as CaCO3 82 78 7h i35 ik 2 T4 157
M=-Alkaiinity as 03003 77 78 68 i8 i3 4 23 ekt
Turbidity as 810, 23.1 13.3 Gel 2605 2606 31469 1362 2004
Copper as Cu 0 0 0 CoCl  Go0L 00,04 Co0L 0.0k
Total Iron as Fe . 0.52 0,51 0,60 1022 1o Lo52 Zoub 2.1
Chromates as Gz'o)_L - - - - - - - 21,98
Sulphate as (S0y) 20 20 27 135 138 16C 230 232
Suspended Solids 10,0 12,8 Ot 36,8 16,9 Lol 22,5 1205
Marganese as Mn 0,04 0.0k 0,04 © 0 D.16 0031  0.0Z
Zinc as Zn - =. - - - - 110 -
S
7083 759 6.82 6,79 €T 6.80  £q32 6,07

pH

Recdrocuiabing Watexr
Treatment Used

Total Chemical
Treatment Costs Pexr
Million Gallcns of
Water Recirculated

Totai Chemical
Treatment Ccsis
in Miis per MM
BIU Remcved

Calgon -Calgon, Calgon- Betz
Compo T Coraid Dianodis
2595 1,227 $L.786 $2.820
3.36 3.96 4eiB  Tel

A1l water anaiyses are averages cf those made in the Process Utilities Laboratory with
the exception ¢f the make~-up water turbidities and all pH's which are averages of the
operators® hourly readings.



MONTHLY AVERAGE WATHR ANALYSES - JUNE, 1956

Treatment Costs
in Mils per MM
BTU Removed

POPLAR RECIRCULATING WATER LOOE
PoPaMs CREEK K-80i-A K=891 ‘A" 1BV gy ol el

Potil Dissclred Solids 170 280 203 425 W6 &3 896 765
Me‘ha—Phcspha‘be a5 NePO, 0.27 0655 0,07 072 5,78 9,06 .65  Lols
Ortho~Phosphate as NaPo'3 0032  D.3L oooé 7070 Ted2  Foid 1282  9.68
Total Hezdness s CaC0; 12k 122 129 zoh 2 3059 i29 346
Caleium as CaCOq 74 72 81 135 i 199 258 21}
M-Alkalinity as CaC04 102 103 85 19 15 13 15 18
Turbidity as SiO, 0.3  10.2 3.9 29 28 I 63 26
Copper as Cu 0 0 0 GOl . Oo0h 0.0 00 0.0k
Total Iron as Fe 05  0ol5 0652  Zoiki 1,17  Led2 158 2,13
Chromate as Cz0) - - - - - - - 19,59
Sulphate as (§oh) 19 20 32 i63 175 150 239 21l
‘Suspended Solids 6.8 8 005 1668 1608 28,5  L42,53  1Le8
Manganese as Ma 0,0k 0.0k 0,04 © o 0016 0029  0o0L
Zinc as Zn - - = - - = 1,00 =
pH 8.0h  8.kT 6.95 6077 6o77 6ol 608 6,08
Recirculating Water ) Calgon~- Caigon- Betz

Treatment Used - - = Calgon Coraid Coraid Dianodie
Total Chemical = - - $0.518 $,680 $1.905 $2.502

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - 2,89 5026 hoh9 630

All water anslyses ave averages of those made in the Prozess Utilities Laboratory with
the excépbtion of the make-up water turbidities and ail pH's which are averages of the

opexrators? hourly readings.
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ANSWERING LETTER DATE

Attached Distribution suBJEcT Summary of Recirculating
Water Treatment Tests for
July and August, 1956

KP=570, Part No. 18

In addition to discussions of operating results of all recirculating
water systems, this report contains "short-term®™ corrosion curves for
the K-31 and K-33 recirculating water systems. Also included is a de-
scription, including two pictures and a flow sheet, of the new Utili-
ties Department test loop.

Freon Condensex Corrosion

The most sigrmificant developments during this report period are as
followss

1) The K-=31 process condensers show no additional corrosion for
the last service year. The K-602-6,2 condenser was carefully
examined by the Metallurgy Department for comparison with the
K=602<=3,5 condenser which was removed one year ago. Their
reportsl based on an exact basis of metal loss, and pit size
and depth, concludes that the corrosive attack in the system
has not progressed during the past year of service. It is of
interest that plugged tubes of the K-602-6.2 condenser showed
very scant pitting--indicating that the corrosion did not
occur during the first twenty months of operation, prior to
plugging.

2) The high chromate test loop continues to give very good copper
corrosion prctection°3 Only slight surface attack was found
on standard copper, degreased standard copper, and oxidiged
and degreased standaxrd copper tubes-=-all with 237 service days.
Examination of four used tubes wiih 20l days' service indicates
that the pits are no longer active. Only the pitting of the

1Technical Division Weekly Report for the Week Ending August 31,
1956, Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
September 3, 1956, (KLI-3800, Part 10). (Secret)

2Technicel Division Weekly Report for the Week Ending August 2k,
1956, Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
August 27, 1956, (KLI-3800, Part 9). (Secret)

3Technical Division Weekly Report for the Week Ending July 20,
1956, Union Carbide Nuclear Company, Osk Ridge Gaseous Diffusion Plant,
July 23, 1956, (KILI-3800, Part 4). (Secret)

THIS FORM FOR INTER.COMPANY CORRESPONDENGE ONLY
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stesl test nipples prevents the high chromate treatment from
being acceptable corrosionwise. The high chromate test loop
was discontinued on August 7, 1956. The Engineering Develop-
ment Depaxrtment is preparing a report of all results obtained

 with this treatment. Additional information on high chromate
treatment wili be obtained from the Utilities Department’s new
test loop, as will be described later inthis report.

3) The K-801-A test condenser, which is now being used to evalu-
ate the effects of unchlorinated e-up water, showed no pit-
ting after a short run of 19 days.

i) The K-31 supply test condenser, with heat load, is showing
acceptable resuits.”? The Metallurgy Department reports that
cupronickel tubes with 187 and 222 service days and one stand-
ard copper tube with 253 service days showed slight pitting.
The remaining six tubes examined, including degreased standard
tubes, annealed arsenical copper tubes, and air-oxidized an-
nealed arsenical copper tubes with 187 and 222 service days
showed only general surface attack and no pits.

5) The K-33 suppéy test condenser, with heat load, is giving very
good resulis. Ten tubes removed from six test condensers
show no evidence of pitting. The tubes examined included five
annealed arsenical copper specimens with 163 to 181 service
days at velocities of 3 to 17 feet per second, an annealed
arsenical copper tube with 41 service days, a cupronickel tube
with 13l service days, and the following with 170 service days:
a standerd degreased copper tube, a standard degreased water-
oxidized copper tube, and an admiralty brass tube.

6) As previously, the K-31 return water test condenger, with no
heat load, is giving comparatively poor results.' An annealed
arsenical copper tube and a standard degreased copper tube
with 142 service days. showed numerous pits with a maximum diam-
eter of 1/32 inch. Seven of nine tubes removed from this con-
denser have been pitted. It is believed that the pitting of

"this condenser occurred during intial period of Coraid treat-
"ment when the pH of the recirculating water would go as low as
Li.0 during intermittent chlorination periods. The process con-
‘densers and test condensers with heat load have not shown any

D*(KLI-BBOO, Part 9), op. cit. (Secret)
5(Kl'.:I-'BBOO'-;, Part L), op. cit. (Secret)

6’Tec:hn:‘i.tr:al Divisicn Weekly Report for the Week Ending July 6, 1956,
(K11-3800, Pari 2). (Secret)

Trechnical Division Weekly Report for the Week Ending July 13, 1956,
Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant, July
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appreciable corrosion since starting Coraid treatment, and it
is believed that they had enough deposition to protect them
from short periods of low pH and no Coraid. The poor pH con-
trol during periods of chlorination has been corrected, and
the attached copper corrosion curves show the importance of
this improvement:on copper test nipples which also have no
heat load.

7) The K-29 supply test condenser, with heat load, is giving fair
results. Small pits with extensive areas of slight to moderate
surface attack have been found in four tubes. These tubes with
days of service are as follows: aluminum-brass (69), cupro-
nickel (160), gtandard copper (196), and standard copper de-
greased (196).° Three tubes with 160 service days show no pits
and only small areas of slight surface attack. These latter
tubes are annealed arsenical copper, standard degreased copper,
and water-oxidized standard degreased copper.

Tests and operating results of the individual loops are as follows:

A Loop (K-25 East)

With "A" and "B" loops tied together for greater operational safety and
flexibility, it is no longer possible to determine accurately the por-
tion of the K-25 pumpage that is delivered to either "A" or "B" loop
individually., However, it is known that there were no significant
changes during this report period in the "A" loop heat transfer charac-
teristics, as the combined "A" and "B" pumpages remained unchanged at
67 million gallons per day, the "A* loop average water control valve
position as recorded in K-309-2 was unchanged at LS per cent open, and
the return water temperature increased 1° F to 121° F.

B Loop (K=25 West)

There were indications of slight improvement in the "B" loop heat trans-
fer characteristics, as the return water temperature increased 29 F to
107° F, and the average water control valve position as measured in
K=30L=l; closed from about 38 per cent open to 33 per cent open.

C Ioop (K-27/K=29)

There are indications of some loss of heat transfer characteristics for
this period, as pumpage requirements increased from 55 to 60 million
gallons per day with about 1.,5° F drop in return water temperature.
Apparently this heat transfer loss occurred in K-29 where the average
water control valve position as indicated in K-502-1 opened from 30 to
32 per cent open, as compared to K-27 where the average water control
valve position as indicated in K-L402-3 was constant at 62 per cent open.

For some unknown reason, the Calgon-Coraid treatment as being used on

8Ibid.
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nC" Joop is not giving as good copper corrosion results on test nipples
as those obtained on ®E® loop. The latest "G" loop copper corrosion
rate of 0,83 mil per year after 79 service days is not too bad, but
when compared to the 0,30 mil per year after 21 service days and the
latest "E® loop rate of less than 0,01 mil after 103 days, it seems at
least comparatively bad. It may be that the "C" loop Coraid feed point
to a slowly moving large body of ywater will not be satisfactory. On
"E® loop, Coraid is added to a special mixing compartment with very
high water velocities. This aspect is being investigated.

There were no additional failures of the K-29 ™modified® condensers
during this report period.

E Loop (K=31)

The Calgon-Coraid treatment, originally unsatisfactory, is now beginning
to look very good. The reasons for this modified opinion are as followss

1) As previously mentioned, recent examination of a K~31 process
condenser (K-602-6,.2) indicates no additional corrosion during
the past year,

2) The most recent copper corrosion rates are at the unbelievably
1low value of less than 0.0L mil per year for both LS and 103
service days. Actually, the test nipples installed after im-
proving the chlorination precedure, and about 70 days before
increasing the Coraid feed rate, give a very low copper corro-
sion rate of 0.0l mil per year which may indicate that the
original feed rate would be satisfactory under good operating
conditionse.

3) Assuming that the serious copper corrosion was primaxrily due
to the Nalco water treatment, K-31 condenser failures after 92
days of Nalco service are practically nils whereas K-=33, Padu-
cah, and the one Portsmouth system alsoc exposed to Nalco are
having repeated failures, The Naleoc water treaiment at K-33
was used only 82 days; however, this was during the more crit-
ical start-up period. '

There is indication of some loss of heat transfer during this report
period, as pumpage requirements increased from 72.5 to 75.5 million
gallons per day, and the return water temperature decreased 1I°F to- -
146.5° F. The average water control valve position, as recorded in
K=-602-3, was constant at L6 per cent open.

There were no condenser failures during this report period.

As regarding steel corrosion, a recent report9 from Metallurgy shows

9Letter from C. R. Barlow and W. W. Latham, Metallurgy Department,

Technical Division, to C. C. Fowikes entitled "K-31 and K-33 Water
Iines,% dated September 6, 1956, (KLI-3871).




severe loss of metal (maximum of 30 per cent of original wall thickness)
in a spool piece-from K-602-L, cell 5, Until confirmed by additional
specimens, this loss is not accepted as being representative of process
piping. The reasons for believing the specimen submitted to Metallurgy
is not representative are as followss

1) The spool piece in question was installed in the condenser out-
let water line on the fully instrumented cell and is the only
such piece of test pipe in K-3l. The wall thickness was not
positively known and was assumed to be the same as other 80
water piping. Since this was a specially fabricated section,
it is possible that .it was made from différent stock material.

2) Some of the K-31 Operation Group think that the fully instru-
mented cell was individuvally acid-cleaned, possibly several
times, shortly after start-up. This has not been confirmed,
but early operations did cause considerable scaling at high
recirculating water pH's then being used.

3) All previously submitted specimens from K-31 have shown good
resistance to corrosion. It is true that most of these speci=-
mens have been cast iron elbows, which may also not be repre-
sentative. However, the last report shows that a section of
Li# return line from the P & E station had lost only a maximum
of 8 per cent of its nominal wall thickness. This section of
piping, with 3% service years, had been exposed to what is
believed to be the most critical service conditions of K=31
operating history, as all four %acid-cleanings® and the Nalco
trial run occurred during its service life. These periods are
believed most critical, as the copper pickup, which can cause
severe pitting by deposition on steel, was highest during
these times. In any case, the K-31 actual steel corrosion
rate will be rechecked at the first opportunity.

G Loop (K=33)

There was apparently some loss in heat transfer, as pumpage requirements
increased from 218 to 225 mlllon gallons pr day Wdth 1° F drop in re-
turn water temperature to 151 F. The average water control valve posi-
tion as indicated in K-902-l opened from 65 to 70 per cent open. The
heat transfer loss in both "E" and "G" loops is attributed to higher
hardness in the make-up water,

A1l "G" loop corrosion rates are very good. The Betz dianodic is appar-
ently doing a good job, and the number of condenser failures are much
fewer than originally expected. There were only two process condenser
failures during the report period. They areas followss

1) K=902-1.9 odd - Leakage of 4 pounds per day - five tube sheet
leaks.

2) K=902-3,.3 odd = Plugged 13 tubes and repaired 10 tube sheet
1331(30



New Utilities Department Test Ioop

A new recirculating water test loop, located at K-892, was placed in
service in August. This test loop was constructed to replace the tem-
porary test systems located in K-892 and K-801-A and will allow closer
simulation of actual operating conditions that may be encountered in -
the various recirculating water systems. The old test loops could not
adequately simulate these conditions since no provision was made for
concentrating the recirculating water; the new test loop is equipped
with a Marley "Aquaflow! cooling tower to permit this concentration.
The attached pictures and flow diagram show the details of the new test
loop.

The initial test, to determine corrosion rates and heat transfer rates,
is now in progress under the following corditionss

Concentration Ratio 10:1
Supply Temperature 95° F
Return Temperature 150° F
pH 6.5

Chromate Concentration, CrOj 500 ppme
The first results of this test loop will be in the following report.
Monthly Average Water Analyses

Attached are separate monthly average water analyses sheets for each

month covered by this report. The major changes from the previous
report are large increases in hardness and total dissolved solids of
the make-up water, which are also reflected in the recirculating water
analyses,.

Graphs of Steel and Copper Corrosion Rates

Attached are two "short-term" corrosion test curves. One of these
curves is for steel on "E®™ and "G" loops, and the other for copper for
same loops. These are the best test results ever obtained at ORGDP.

C. C\Q‘M-al&.s

C. C. Fowlkes




MONTHLY AVERAGE WATER ANALYSES - JULY, 1956

POPLAR - RECIRCULATING WATER LOOP
P.P.M. CREEK  K-801-A K-891 ‘AT TBT gt TET TG

Total Dissolved Solids 189 238 25l L53 453 74k 91 926
Meta-Phosphate as 1\1:-_1Po3 0.38 0.25 Ol Lk L.L7 L.33 8.25 7.82 5.18
Ortho-Phosphate as NaP03 0.83 1.31 0.19 8.02 7.98 9.00 11.2 12.15
Total Hardness as CaCO3 115 137 129 207 202 330 hit 381
Calcium as cl:aco3 82 96 88 143 15 216 282 267
M-Alkalinity as CaCO3 87 92 73 17 18 13 13 17
Turbidity as S5i0, 19 L3 6 32 32 52 62 39
Copper as Cu 0 0 0 0.0, 0.1 0.0k 0,04 0.0
Total Iron as Fe 0.61  1.16 0okl 2,05 2,09  2.78 3,38 3.72
Sulphate as (S0)) 16 68 50 168 194 256 375 25}
Chromates as CTO), - - - - - - - 26.8
Suspended Solids 10 2L 2.0 19 19.42 35 L6 26
Manganese as Mn 0.0k 0.0k 0.03 0.@26 0.036 0.16 0,29  0.0L
Zinc as Zn - - - - - - 141 -
pH T2 TeT9 6.82 675  6.76 6,10 6,06  6.06
Recirculating Water ' Calgon- Calgon- Betz ‘

Treatment Used = - - Calgon Coraid Coraid Dianodic

Total Chemical
.. Treatment Costs Per
Million Gallons of

Water Recirculated = - - $0.679 $1.,681 $2.078 $2.65L

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed 3057 5.28 h087 6056

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators?' hourly readings.



MONTHLY AVERAGE WATER ANALYSES - AUGUST, 1956

POPLAR RECIRCULATING WATZR IOOP
PsP.M. CREEK K-801-A [K=891 'A! 1Y 1CY v} G

Total Dissolved Solids 272 281 309 k93 L83 775 876 1092
Meta=Fhosphate as NaFO, 0 0.4 0.1  6.25 7.64 8.66 6.6k  5.51
OI'thO-PhOSpha'be as NaP03 Oa66 lol 0015 9051 9067 10005 10.51 13.29
Totel Hardness as GaC04 129 136 138 206 208 335 372 Lhg
Calcium as CaCO3 92 98 93 16 8 215 259 303
M-Alkalinity as C4C0, 113 101 Sl 17 17 10 12 16
Turbidity as Si0, 9.1 9.1 3.7 2k 23 38 L3 35
Copper as Cu 0 0 0 0.06 0,08 0.0, 0,0  0.0h4
Total Iron as Fe 0,51 0,58 O.h2 1.77 1.72 3.L8 3.l 3.98
Sulphate as (soh) 2l - 30 39 148 152 2L9 295 258
Chromates as.CrOh = - - - = - - 31.3
Suspended Solids 6 10 2 13 12 23.1 29 22
Manganese as Mn 0.0h4 0.0k 0.0 0,07 0,08 0,18 0.30 0.0l
Zinc as Zn - - - - - - 1.73 -
pH 7.87  7.98 710 6,76 6,79 6,11 6,01  6.08
Recirculating Water Calgon= Calgone~ Betz

Treatment Used - - - Calgon Coraid Coraid Dianodic
Total Chemical

Treatment Costs Per

Million Gallons of

Water Recirculated - - - $0.692 $1.595 $1.935 $2.360
Total Chemical

Treatment Costs

in Mils per MM

BTU Removed = - - 3.58 5013  Lo55 6,06

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators’ hourly readings. .
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INTER-COMPANY CORRESPONDENCE

Post Office Box P
(mseer) GOMPANY _ CARBIDE AND CARBON CHEMICALS COMPANY T,0GATION Ak RiboE. TeNA.

TO Mr. He G. P. Snyder DATE January 29, 1957
LOCATION K=303=8
ANSWERING LETTER DATE
ATTENTION
GOPY TO Attached Distribution sUBJECT Sumnary of Recirculating

Water Treatment Tests for
September and October, 1956

In addition %o discussions of operating resuits of all recirculating
water systems, this report contains the usual "long~term® corrosion
curves and ®short-term" corrosion curves for the K-31 and K=33 recir-
culating water systems. Also included is a discussion and a graph of
operating resulis obiained from pilot plant continuous softening of
Clinch River water.

Freon Condenser Corrosion

The most significant developments during this report period are as
followss

1) Conclusions have been achieved from the test of high=chromate
diancdic water treatment (200 ppm. chromate; 20 ppm. phosphate,
with a pretreatment of 500 ppm. chromate for seven days). The
tests were conducted in conjunction with the Laboratory and
Engineering Development Departments and major points are as
follows:s

a) This treatment was effective in eliminating pitting in new
copper tubes; stopping pitting in used; acid cleaned tubes;
and appeared to slow down the attack in pits of used, un-
cleaned tubes. No significant advantage of this treatment
over the Betz dianodic treatment was found with respeét to
inhibiting pitting-type corrosion in new copper tubes or
in used, uncieaned tubes. Slight advantage of the high-
chromate ireatment over the Betz treatment in preventing
further pitting in used, acid-cleaned tubes was indicated.
In both cases it was found that acid cleaning of used,
pitted tubes was beneficial in retarding or preventing
further pitting.

b} There was no appreciable difference in quantity of scale
deposition or the over-all coefficient of heat transfer of
test condensers operating on Betz treatment and high-chromate

1Technical Division Weekly Report for the Week BEnding September 21,
1956, Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
September 2L, 1956, (KLI 3800, Part 13). (Secret)
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INTER-COMPANY CORRESPONDENGE

Post Office Box P
(NSERT) GOMPANY CARBIDE AND CARBON CHEMICALS COMPANY 1,0 CATION crshirice Boxe

TO Mro Ho Go Po Smder DATE Janual'y 299 1957
LOGATION K=303=8
ANSWERING LETTER DATE
ATTENTION
COPY TO Attached Distribution suBJECT Summary of Recirculating

Water Treatment Tests for
September and QOctober, 1956

In addition o discussions of operating resuits of all recirculating
water systems, this report contains the usual "long-term" corrosion
cwrves and ®short-term" corrosion curves for the K=31 and K=33 recir-
culating water systems. Also included is a discussion and a graph of
operating results cbiained from pilot plant continuous softening of
Clinch River water.

Freon Condenser Corrosion

The most significant developments during this report period are as
follows:

1) Conclusions have been achieved from the test of high-chromate
dianodic water itreatment (200 ppm. chromate, 20 ppm. phosphate,
with a pretreatment of 500 ppm. chromate for seven days). The
tests were conducted in conjunction with the Laboratory and
Engineering Development Departments and major points are as
follows:

a) This treatment was effective in eliminating pitting in new
copper tuvbess stopping pitting in used; acid cleaned tubes;
and appeared to slow down the attack in pits of used, un-
cleaned tubes. No significant advantage of this treatment
over the Betz dianocdic treatment was found with respeét to
inhibiting pitting-type corrosion in new copper tubes or
in used, uncleaned tubes. Slight advantage of the high-
chromate treatment over the Betz treatment in preventing
further pitting in used; acid-cleaned tubes was indicated.
In both cases it was found that acid cleaning of used,
pitted tubes was beneficial in retarding or preventing
further pitting.

b} There was no appreciable difference in quantity of scale
deposition or the over-all coefficient of heat transfer of
test condensers operating on Betz treatment and high-chromate

Irechnical Division Weekly Report for the Week Ending September 21,
1956, Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
September 2L, 1956, (KLI 3800, Part 13). (Secret)
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treatment.

c) In test condensers operated at different water velocities,
there was no significant variation in the amount of surface
attack or in the formation of pits on the condenser tubes.
The quantity of scale deposited appeared to be independent
of velocity but was smoother and denser at the higher veloc-
itiess The over-all coefficient of heat transfer was much
greater in the test condensers operating at the higher ve- -
locities, but this condition existed only during the period
of high=velocity operation.

d)} The standard phosphorus-deoxidized and the arsenical inhi-
bited copper tubes had the greatest resistance to pitting-
type corrosion of the materials evaluated in the test con-
densers. The various types of brass tubes were attacked
by preferential removal of one of the alloying materials,
and the cupronickel tubes had the highest incidence of
pitting of all the materials tested.

Tests are continuing in the K-892 test loop to evaluate a
similar treatment using 500 ppm. chromate.

2) The high-chromate dianodic (200 ppm. chromate, 20 ppm. phos-
phate} water treatment without the pretreatment of 500 ppm.
chromate for seven days did not stop pitting in all used,
acid-cleaned tubes, as one (196 service diys) was found with
nunerous large active pits and tubercles.© Also with the same
treatment; three used, uncleaned tubes with 112 to 196 days
had active pits and tubercles.

~-3) Cathodic protection for heat exchanger tubes is being studied.3
Todate any application of current (0 - 20 milliamperes per
square foot) resulted in a deposit of material at the anode .
end of the tubes;, using recirculating water. Additional tests
are now underway using untreated Poplar Creek water.

L) Continued good results are being obtained, from the K-33 test
condensers using Betz dianodic treatmentoh

2Technical Division Weekly Report for the Week Ending October 19,
1956, (KLI 3800, Part 17). (Secret)

3Technical Division Weekly Report for the Week Bnding September 1,
19569_(KLI 3800, Part 12). (Secret)

hTechnical Division Weekly Report for the Week Ending October 26,
1956, (KLI 3800, Part 18). (Secret)
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5) No pits have been found in the K-801-4 test condenser tubes
using unchlorinated Poplar Creek Wageg. Additional manganese
has been added to maintain 1.0 ppm.~? sT If no pits are found
in the near future, manganese and/or unchlorinated water will
be dismissed from consideration as major contributors to con-
denser corrosion.

Tests and operating results of the individual loops are as follows:

A Loop (K=25 Bast) and B lLoop (K-25 West)

There were no indications of any appreciable changes in heat transfer
characteristics during this report period. The corrosion rates are
satisfactory.

C Loop (K=27/K=29)

Total pumpage requirements dropped from 60 to 55 million gallons per
day. Improvements in heat transfer for "C" loop were probably limited
to the K=27 system where the water control valve positions as indicated
in K-LO2-3 closed from 62 to 59 per cent open. K=29 continued to show
indications of loss of heat transfer, as the water control valve posi-
tions as indicated in K=502-=1 opened from 32 to 35 per cent open, with
daily peaks as high as L9 per cent open. It may be that the condenser
flushing in K=29 is not as effective as in the past.

All the "C" loop corrosion rates are considered to be satisfactory.
The latest "C" loop (K=29 return) copper corrosion rate of 0.42 mil per
year, after 148 days of Calgon-Coraid treatment, is still much higher
than the 0,02 mil per year after 172 days now being obtained on "E"
loop with the same water treatment. No definite reason for this differ-
ence in corrosion rate is known at present. The "C" loop return copper
corrosion rates since changing to Calgon-Coraid treatment are as fol-
lows:
Corrosion Rate
Service Days Mils/Year

21 0.30
79 0.83
148 O.k2

There were no additional failures of the K=29 "modified" condensers
during this report period.

>Ibid.

6Technical Division Weekly Report for the Week Ending September 7,
1956, (KLI 3800, Part 11). (Secret)

7Technical Division Weekly Report for the Week Ending September 28,
1956, (KLI 3800, Part 1iL). (Secret)




Z Ioop (K=31)

The "E" loop supply temperature was raised two degrees to 97O F during
this report period. This resulted in the water control valves as indi-
cated in K-602-3 opening from L6 to 55 per cent open. There was no
change in the return water temperature and pumpage requirements in-
creased from 75.5 to 76.5 million gallons per day.

There were no condenser failures during this report period.
All corrosion rates are satisfactory, and the short-term copper corro-
sion rate, after improvements, continues to be amazingly low.with a

rate of 0.02 mil per year obtained after 172 service days.

G Loop (K=33)

There were definite gains in heat transfer during this report period,

as pumpage requirements dropped from 225 to 220 million gallons per day.
The average water control valve position as indicated in K=902=L closed
from 70 to 62 per cent open.

A1l "G loop corrosion rates are considered to be good.

There were six process condenser failures during the report period;
they are as followss

1} K=902-2.3 odd = Leakage of 13 pounds per day - one tube plugged
and 30 tube sheet leaks repaired.

2) K=902-2.9 odd = Leakage unknown - three tubes plugged - three
tube sheet leaks repaired.

3) K=902-8.3 odd - Leakage of 20 pounds per day - 2L tubes plugged
= 1} tube sheet leaks repaired.

Lk K=902=l.1 even = Leakage of 17 pounds per day. = two tubes
plugged - 2l tube sheet leaks repaired.

5) K~902-8.3 even = Leakage of 13 pounds per day = three tubes
plugged = 15 tube sheet leaks repaired.

6) K=902-5.3 even = Leakage of 30 pounds per day = Ll tubes plugged
= 17 tube sheet leaks repaired.

New Utilities Department Test Loop

The K=892 test loop continued to operate using the high chromate treat-
ment outlined in the previous report. Preliminary data indicate very
low copper and steel corrosion rates, but actual corrosion rates ob-
tained to date are somewhat unreliable due to difficulties encountered
several times during the report period in determining the actual flow
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through the test nipples and the length of service. Alterations have
been made to the test nipple installation to allow more reliable obser-
vations. Some loss in heat transfer efficiency has been indicated by
increased steam pressure, from about 10 psig originally to about 30
psig at the end of the report period, necessary to obtain the same water
temperatures. This evidence is supported by the amount of hard scale
found in the test nipples.

Monthly Average Water Analyses

Attached are separate monthly average water analyses sheets for each
month covered by this report., The hardness and total dissolved solids
of the make-up water continued to increase, and this increase is re-
flected in the recirculating water analyses.

Graphs of Steel and Copper Corrosion Rates

Attached are ten corrosion test curves. These self-explanatory curves
cover steel and copper corrosion data for all loops.

Pilot Plant Softening of Clinch River Water

In October an Infilco pilot plant was placed in continuous service,
using raw Clinch River water, at the sanitary water plant. The purpose
of this operation was to obtain data on the chemical feed requirements
for partial softening of Clinch River water and information on continu~
ous operating difficulties, if any. As the attached chart of one
month’s operation shows, theoretical reduction of hardness with lime
was generally obtained. Information was also obtained on softening
with lime and soda ash together. As a result of this test, no diffi-
culties are expected in continuous partial softening.of Clinch River
water.,

Q.C Frntles

C. C. Fowlkes

Approveds /A5(45;§A“_&)
/ .~

% Vo Jones
Process Ati)ities Department




MONTHLY AVFRAGE WATER ANALYSES - SEPTEMBIR, 1956

PFOPLAR RECIRCULATING WATER LOOP
P.P.M. CREEK K-801=A K=891 TAS : ct Ig! G

Total Dissolved Solids 2L7 301 303 651 628 908 937 1203
Meta-~Phosphate as NaPO3 0.01 0.L3 0,05 8.16 797 9.16 7.13 5.37
Orth0=Phospha'be as NaPOB 0065 1026 0007 10989 11033 9072 9.33 1300)4
Total Hardness as CaGO3 1 150 149 26l 2L9 370 L06 Lol
Calcium as GaCO3 112 113 108 178 183 251 280 34
M=Alkalinity as CaCOB 89 90 85 16 15 11 12 1
Turbidity as Si0, 9 9 L 21 22 37 39 29
Copper as Cu 0.02 0.02 0.02 0.06 0.06 0,08 0,08 0.0L
Total Iron as Fe 0.43 0,50 0.39 0.8k 0.86 1.5 1.h3 133
Manganese as Mn OoOh 000)4 000)4 0008 0.10 0018 0.27 0.0h
Sulphate as (s'oh) 22 28 31 192 190 282 285 318
Chromates as Croh - = - - - - - 25.1
Suspended Solids 6 8 3 11 11 22 Lo 28
Zinc as Zn - - - T e - 1.09 1.26 -
PH 7.92 8.03 743 6.76 6.81 6.10 5.91 6.08
Recirculating Water Calgon= Calgon- Betz

Treatment Used - - - Calgon Coraid Coraid Dianodic
Total Chemical

Treatment Costs Per

Million Gallons of

Water Recirculated - - - $0.703 $1.7h7 $2.037 $2.168
Total Chemical

Treatment Costs

in Mils per MM

BTU Removed - - - 3.59 5oLl L.82 5.61

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the

operators?® hourly readings.

AN o AN e



MONTHLY AVZRAGE WATER ANAIYSES - OCTOBER, 1956

FOPLAR RECIRCULATING WATZR IOOP

PoPolMo CREFK K-801-A K=891 FAY Bt o JEr Gt
Total Dissolved Solids 292 262 320 678 660 833 909 1180
Meta=-Phosphate as NaFO 5 0 0.41 0.0 8.61 7.88 9435 8.71 6.30
Ortho-Phosphate as NaPO;  0.67  1.05 0.10 12.51 13.00 9.74 10.21 12..43
Total Hardness as CaC0; 178 172 182 323 333 392 L35 558
Calcium as CaC04 120 119 129 205 204 259 282 371
M-Alkalinity as CaCOs 88 97 85 18 19 13 13 18
Turbidity as Si02 8 8 3 20 20 30 31 35
Copper as Cu 0.13 0,12 0.07 0.13 0.15 0.12 0,11 0.15
Total Iron as Fe 0.82 0.78 1.12  1.02 1.06 1.22 1.32 1.73
Sulphate as (SOh) 2l 2L 31 228 231 320 269 343
Chromates as Croh - - - - - - - 22,71
Suspended Solids 6 5 2 10 10 17 17 21
Manganese as Mn 0.04 0.04 0.0 0,10 0.09 0.15 0.29 0.0L
Zinc as Zn - - = - - 1.18 1.28 -
PH Tebl  Te79 Te26 6473 6479 6,11 5.95  6.,0L
Recirculating Water = - - Calgon Calgon~ Calgon- Betz

Treatment Used Coraid Coraid Dianodic

Total Chemical
Treatment Costs Per
Million Gallons of

Water Recirculated = - - $0.,708 $1.931 $2.241 $2.163

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed = = = 3057 5097 5033 5062

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! hourly readings.
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NSERT) GOMPANY CARBIDE AND CARBON CHEMICALS COMPANY T,0 GATION OAK RIDGE, TENN.

TO Mr. H. G. P. Snyder DATE April 22, 1957
LOGATION K=303-7
ANSWERING LETTER DATE
ATTENTION
COPY TO Attached Distribution supJect Summary of Recirculating
Water Treatment Tests for
November and December,

1956

KP-570, Part No. 20
In addition to discussions of operating results of all recirculating
water systems, this report contains a copper corrosion curve for the
K=31 and K=33 recirculating water systems. Also included are two curves

related to the Utilities Department high-chromate test loop.

Freon Condenser Corrosion

A tremendous amount of work has been completed during the last one and
one-half years, by many people here at ORGDP and elsewhere, regarding

the condenser corrosion problem. As it is very difficult to properly

evaluate the different water itreatments without knowing the real cause
or causes of the corrosiony it is hoped that definite conclusions re-

garding the causes of corrosion can be arrived at in the not-too-dis-

tant future.

The most significant developments during this report period are as fol-
lows:

1) The major features of the high-chromate (200 ppm) treatment
have been previously discussed. From Engineering Development's
final report,jL it is apparent that the condensers should be
thoroughly cleaned, if possible;, as even high chromate fails
to completely penetrate the corrosion products in pits of used,
uncleaned tubese.

2} Manganese in the make-up water was discounted as a probable
contributor to the copper corrosion problem.® No evidence of
pitting was found in the K-801-A test loop condenser, operating
on unchlorinated Poplar Creek water, with manganese added to
maintain an average residual of 0.8 ppm. The test was run for
35 days, and the water was treated with Calgon to give 20 ppm
total P0h°

lﬁnight9 R. G.y report to Mr. S. Ho Smiley, Test Condenser Evalu-
ation of High €hromate Water Treatment, ORGDP, UCNC, November 20, 1956,
(KID-I02).

2Technical Division Weekly Report for the Week Ending November 2,
1956, Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
November 5, 1956, (KLI 3800, Part 19). (Secret)
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3) The K-31 test condenser, operated with no_heat load, continues
to show tubercles and large shallow pits.3 0f fourteen tubes
from this condenser, twelve have had tubercles and shallow

pits.

L) The test condenser in K-1lL0l, using "A" loop water, showed no
pitting ai‘tﬁr 277 days of service, when probed with "™ultitest"
instrument.4 The tubes were so heavily scaled, however, that
the probe could not be pushed more than halfway through the
tubes, The heavy scaling apparently occurred during the two-
week period prior to shutdown, as the steam pressure required
to maintain an outlet water temperature of 155° F increased
from 20 to 50 psig during this period. Examination of the data
on "A" loop water composition and chemical treatment during
this period failed to indicate any abnormal condition which
might have caused the sudden scale build-up.

5) Conflicting evidence was obtained from examination of eight
tubes from the K-31 test condenser, W th heat load.5 A total
of eight tubes removed from test condenser 6D3-402 on October
17, 1956, were examined after exposure periods ranging from 78
to 297 days. The results of the examinations were anomalous
in that a standard copper tube with 78 days' service and de-
greased standard copper tubes with 78 and 112 days' service
were found to be pitted, while no pitting was found in a stand-
ard copper tube with 112 days' service or a de-greased standard
tube with 227 days'! service.

Of six standard and de-greased standard tubes installed in
this condenser since June, 1956, four have shown significant
pitting, while, of twelve standerd and de-greased standard
tubes installed prior to this date, only three have been pit-
ted; and a total of only five pits were found in these three
tubes. A detailed investigation of "E" loop water composition
and water treatment practice, as well as the test condenser
operating conditions, showed that numerous changes occurred
during the latter part of May through the first of June, any
one of which may have contributed to the recent pitting now
being encountered. During the period from April 22, 1956
through June 10, 1956, there were the following changes: the
Coraid feed was increased in rate; the make-up was changed
from K-892 to K-801-A; the recirculating water increased in

3‘I‘echnical Division Weekly Report for the Week Ending November 16,
1956, ~(KLI 3800, Part 21). (Secreb)

h‘I‘echn:’Lca.l Division Weekly Report for the Week Ending December 7,
1956, ~(KLI 3800, Part 2L). (Secret)

sTechnical Division Weekly Report for the Week Ending December 21,
1956, ~ (KLI 3800, Part 26). (Secret)
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total hardness, chlorides, sulphates, turbidity and total sol-
ids; and Poplar Creek increased in mercury concentration. The
large increase in the mercury concentration of Poplar Creek
coupled with changing "E" loop make-up back to the untreated
K=801-A source could explain the recent pitting. For example,
seventeen samples during April and May averaged only 1L parts
per billion of mercury, the range being from O to 72 ppb., but
the first three samples taken in June (1lst, 5th, and 8th) show-
ed concentrations of 1158, 1360 and 1158 ppb. It may well be
that the tubes with longer service had enough.deposition for
some protection from the unusually high mercury concentration,
while the more recently installed tubes, with clean surfaces,
quickly picked up mercury and pitted.

Tests and operating results of the individual loops are as followss

A Loop (K=25 EBast) and B Loop (K-25 West)

Pumpage requirements gave no indications of any appreciable changes in
heat transfer characteristics during this report period. The water con-
trol valves in K=309-2 opened from L5 to L9 per cent open, while those
in K=-30L=l closed from 3l to 22 per cent open.

C Ioop (K-27/K=29)

Total pumpage requirements increased slightly, from 55 to 56 million
gallons per day. K=29 continued to show indications of loss of heat
transfer, as the average water control valve position in K~-502-1 cells
opened from 35 to Ll per cent open, with daily peaks as high as 57 per
cent open. A small increase in the K-27 power load probably accounted
for the average opening of the K=402-3 water control valves, from 59 to
61.5 per cent open.

The original, unmodified condenser from K-502-1.6 was removed for clean-
ing early in December, 1956. No leakage was suspected; the condenser

' was removed solely. because of poor heat transfer. The condenser was
cleaned by the latest acid-cleaning procedure and no leaking tubes were
found, following cleaning. No tubes were removed for examination and
present plans are to reinstall this condenser in K-502-1.l position in
January, 1957.

E Loop (K=-31)

There were several indications of loss of heat transfer characteristics
during this report period, as pumpage increased from 76.5 to 79 million
gallons per day, return water temperature dropped from 1L6.5 to 1hk.5°

F, and the average water control valve position as measured in K-602-3

opened from 55 to 59 per cent open.

Omitted from the last report was the discussion of condenser no. 219008.6

613115, Je Mo, letter to Mr. K. M. Jones, Summary of K-31 F-11)
Condenser Failures, March 6, 1957.
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This condenser had no known leaks and was removed on October 15, 1956
for the purpose of obtaining water flow and heat exchange data. This
data was needed for the evaluation of the recirculating water system
and estimating the necessary up~rating required for the "A"-Iine cool-
ing program. The condenser was acid-cleaned (procedure no. 1) and
dried. A 50-psig air test revealed a total of 51 leaking tubes., Ap=
parently, many of the K-31 condensers will not stand acid-cleaning with
the present procedure without developing an excessive number of leaks,
but this is not unexpected, as the first K-31 condenser (K-602-3,5) re-
moved from service for examination on June 25, 1955, after di;covering
the K-33 failures, showed 19 tube leaks with hydrostatic test! and L0
additional tube leaks after acid-cleaning with cleaning procedure no.
2.

There were no condenser failures during this report period.
G Loop (K=33)

As with K-31, there were several indications of loss of heat transfer
characteristics during this report period. The pumpage increased from
220 to 242 million gallons per day, the r eturn water temperature dropped
from 151° to 148° F, and the water control valves as indicated in K=502-k
opened from 62 to 66 per cent (average) open with daily peaks as high as
80 per cent open. Some of the indicated loss in heat transfer was due

to the addition of nitrogen to the freon in a total of eleven cells in
units 5 and 7 during this period. This was done to increase thew ater
velocity through the condensers and naturally contributes to the drop

in return water temperature and increase in pumpage. )

There were two condenser failures during the report period; they are as
followss

1) K-902-L.2 even - Leakage of 25 1b/day - l tubes plugged - 18
tube sheet leaks repaired.

2) K=902-7.L even - Leakage of 7 1lb/day - 1 tube plugged - 3 tube
sheet leaks repaired.

Utilities Department Test Loop at K-892

The high-chromate test was completed, and, as the attached corrosion
curve indicates, the results were very goocd from a corrosion standpoint.

Also attached is a curve showing that the log mean temperature differ-
ence of steam to water had leveled off after 15 days-~indicating no
appreciable deposition after that time, but a loss of heat transfer
capacity of about 50 per cent is indicated due to the nature of the
scale deposited. Some loss was expected since the concentration ratio
was extremely high for this test (10:1).

7Ibid.




Monthly Average Water Analyses

Attached are separate monthly average water analyses sheets for the
months of November and December, 1956.

Starting with the month of December, 1956, the copper concentration is
reported both by total amount and by the soiuble portion. All previous~
1y reported copper concentrations were the amounts in solution only.

The total dissolved solids of all recirculating water loops decreased
each month.

Graph of Copper Corrosion Rates

Attached is a copper corrosion test curve for M"E" and "G loops, giving
the latest results as determined by copper test nipples. As the graph
shows, good rates are being obtained on both systems.

54/ C. C. PBulkes

Approved

L. L. An§h6ﬁj
Process Utilities Department



MONTHLY AVERAGE WATER ANALYSES - NOVEMBER, 1956

POPLAR

P.P.M. CREXK

K-801-A

RECIRCULATING WATER IOOP

_ K=891 TRV TRV TGV TET TG

Total Dissolved Solids 275 280

300 606 602 781 837 999

Treatment Costs
in Mils per MM
BTU Removed

Meta-Fhosphate as NaFO, 0032 0463 0,26 7.48  6.95 8.98 7.6 5.27
Ortho-Phosphate as NaLPO3 0.94 0.96 0.84 9.78 10.0L 7433 8.40 11.16
Total Hardness as Caf0, 162 166 165 302 30k 386 L35 L78
Calcium as CaCO4 118 123 11k 9L 184 251 287 324
M=Alkalinity as CaCo,4 97 99 95 17 16 9 10 13
Turbidity as 510, 13.L  12.5 L8 21 22 37 30 27
Copper as Cu 0.10 0.09 0.09  0.08 0.09 0.1y 0.1  0.18
Manganese as Mn 0.08 0.06 0.07 0.18 0.18 0.36 0.43 0.06
Total Iron as Fe 0;38 0.88 0.50 0.50 0.L8 O.47  0.53  0.7h
* Sulphate as (S0)) L2 L7 56 178 206 265 286 299

Chromates as Cro0) - - - - - - - 20.81
Suspended Solids 9 2L L 10 10 2l 15 16
Zinc as Zn - - - - - 1.26 1.36 -
pH Tel3  7.50 7.28 6,76  6.78  6.07 5.92 6.0k
Recirculating Water - - - Calgon Calgon - Calgon- Betsz

Treatment Used ' Coraid Coraid Dianodic
Total Chemical - - - $0.772 $1.934 $2.188 $1.930

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - 3.89 6.17 5.32 5.L6

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the

operators! hourly readings.




MONTHLY WATER ANALYSES - DECRMBER, 1956

POPLAR RECIRCULATING WATER LOOP
P.P.M. CREEK  K-801-a K-891 ~ ‘AT 87 ic’ TE' TG

Total Dissolved Solids 243 252 - 267 551 563 663 7L5 897
Meta-Phosphate as NaPO3  0.L7  1.21 0,18 7.20  T7.49  8.53 6.2 6,11
Ortho-Fhosphate as NaPO;  0.78  1.39 0,11 10.15 10.45  6.45  7.39 11l.24
Total Hardness as CaC0q 153 153 147 281 290 322 357 1132
Calcium as CaC0, 101 101 85 191 180 223 225 278
M-Alkalinity as CaCO 80 86 70 16 i 8 9 s}
Turbidity as Si0, Lheo  10.k S.i 22 22 29 30 12
Copper as Cu - Soluble 0.06  0.06 0.06 0,07 0.07 0.08 0.07 0.12

noomonm o Total 0.07  0.07 0,06 0.07 0.12 0.11  0.12 0,35
Total Iron as Fe 0.37  0.L2 0u3Lh 0,51 0.52 0.73 0.52  1.13
Manganese as Mn 0.05 0,05 0.05 0.09 0.09 0.1 0.30 0,06
Sulphate as (S0y,) 33 38 L6 183 185 25) 261 310
Chromates as CrO) - - - - - - - 19,93
Suspended Solids L 7 1 10 10 15 17 11
Zinc as Zn - - - - - 1.30 1.35 -
PH 733 T7.19 7409 6473 6475  6.05 5,89 6,05
Recirculating Water = - - Calgon Calgon~ Calgon- Betz

Treatment Used Coraid Coraid Dianodic
Total Chemical - - - #O..837 21.882 $2.116 $2.088

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - L.h2 6,02 5,16 5,67

Treatment Costs
in Mils per MM
BTU Removed

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH®s which are averages of the
operators! hourly readings.
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INTER-COMPANY CORRESPONDENCGE

t Offi
(NSERT) cOMPANY CARBIDE AND CARBON CHEMICALS COMPANY T, 0CATION oAk rebon, TENN,

TO Mr, Ho G P. Smer DATE June 63 1957
LOGATION K=303=7
ANSWERING LETTER DATE
ATTENTION
COPY TO Attached Distribution suBJEcT Sumuary of Recirculating
Water Treatment Tests for
Jamuary and February, 1957

KP-570, Part No. 21

In addition to discussions of operating results of all recirculating
water systems, this report contains both "long=term™ corrosion curves
for all recirculating water systems. and "short-term™ corrosion curves
for the K=31 and K-33 recirculating water systems.

Freon Condenser Corrosion

The most significant developments during this report period are as fol-
Jowss

1) The reintroduction of the possibility that mercury may be the
primary or principal cause of freon condenser corrosion. _At-
tention to mercury was drawn by Mr. J. P. Kleber's lettert in
Janmuary in which he stated that they were shocked to find that
we still had, at times, very high (over 1 part per million)
concentrations of mercury in the make-up water. Mr. Kleber
was apparently under the mistaken impression that steps had
been taken to eliminate the source of mercury contamination.
Actually, following assurance by our technical staffs that it
was doubtful whether mercury was contributing to our copper
corrosion, we have not attempted to further investigate this
possibility. However, in view of the fact that more likely
causes have not been discovered, perhaps a more complete in-
vestigation of mercury contamination might be in order.

2) Metallurgical examination revealed no pits in a standard cop-
per tube with 115 days’ service or in arsenical annealed and
standard copper degreased tubes with 277 days' service in test
condenser 6D3-L20 using WA® loop supply cooling water in build=-
ing K-1401.4 This condenser has a supply temperature of 95° F
and a return water temperature of 155° F. Surface attack was

lLettezr from Mr. J. P. Kleber, Calgon Company, to Mr. K. M. Jones
dated Jamuary 29, 1957.

2pechnical Division Weekly Report for the Week Ending Jamuary 5,

1957, Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
Jamiary 8, 1957, (KLI 3800, Part 283. (Secret)

THIS FORM FOR INTER-COMPANY COR
WEX-163 (3-51) RESPONDENCE ONLY



generally slight on all of the tubes with a few small patches
of moderate attack. The scale was in two layers, each about
0,015 inch thick, and consisted of a gray; powdery surface
scale over a brown, brittle, glossy subscale which was diffi-
cult to dissolve in hydrochloric acid. MNine tubes with expo-
sure periods of 72 to 277 days in this test condenser have now
been examined with no evidence of pitting or excessive surface
attack being noted.

3) A standard copper and a degreased standard copper tube were
examined after 3l days! exposure in test condenser 6D3-=422 in
the K-801-A test loop°3 The water treatment during this period
consisted of a simulated Nalco=N-33 treatment (20 ppm phosphate;
Iy ppm ferrocyanide, 6.1.pH) using sanitaxy water make-up with
a loop residence time of about 6 days. This condenser has a
supply temperature of 100° F and a return water temperature of
135° F. No pits were found in the tubes, and the surface at-
tack was slight--covering about one third of the tube surface.
The tubes had a dark brown film of subscale under a soft, pow-
dery, brown scale about 0.015 inch thick.

Tests and operating results of the individual loops are as followss

A Loop (K=25 Bast) and B ILoop (K=25 West)

During this report period, there were no indications of any appreciable
changes in heat transfer characteristics as would be reflected by pump-
age requirements or water control walve positions.

C Ioop (K=27/K=29)

Total pumpage requirements increased slightly, from 56 to 57 million
gallons per day. K=29 continued to show indications of loss of heat
transfer, as the average water control valve position in K=502<1 cells
opened from 41 to L5 per cent open. There was no appreciable change in
the K-27 water control valves as indicated by the K=L02-=3 cells.

The condenser from K-502-1l.L was removed on Jamuary 29 to repair a tube
sheet leak. This condenser was acid cleaned for L5 minutes, with mo
tube leaks developing.

E Ioop (K=-31)

There is conflicting evidence regarding heat transfer changes, as the
water control valves in K-602-3 closed from 59 to 55 per cent open, and
the total pumpage increased from 79 to 83 million gallons per day. At
present, it is believed that pump flow figures are erroneously high and
that slight improvements in heat transfer were made.

3’l'echnical Division Weekly Report for the Week Ending January 11,
1957, (KLI-3800, Part 29). (Secret)




-l -

There were no condenser failures during this report period.

G Ioop (K-33)

There were definite improvements in heat transfer during this report
period, as the pumpage requirements dropped from 242 to 227 million gal-
lons per day and the water control valves as indicated in K-=902=]; closed

from 66 to 65 per cent open with a 1° F rise in return water temperature
to 1L49° F.

Six leaking condensers were repaired during the report period; they are
as follows:

1) K-902-1.8 even - Jamuary 10, 1957; leakage of 5 1b./dayg 8 tube
sheet leaks.

2) K-902-3.,6 even - January 1L, 1957; leakage of 600 1b./day; 1
tube leak.

3) K-902-1.kL odd - January 15, 1957; leakage of 30 ib./day; 2 tube
leaks.

L) X-902-L.1 even = February L, 1957; 1l tube leaks, 8 tube sheet
leaks,

5) K=902-1.1 odd - February 21, 1957; 5 tube sheet leaks.
6) K=902-1l.1 odd = February 26, 1957; 1 tube leak.

Graphs of Steel and Copper Corrosion Rates

Attached are ten corrosion test curves. These self-explanatory curves
cover steel and copper corrosion data for all loops.

Monthly Average Water Analyses

Attached are separate monthly average water analyses sheets for each
month covered by this report. Large reductions in the dissolved solids
of the make-up water is reflected in the recirculating water analyses.

¢, .C Fnuthoa

C. Co Fowlkes

Approved

L. L. ony
Process Utilities Department



MONTHLY AVERAGE WATER ANALYSES - JANUARY, 1957

POPLAR RECIRCULATING WATZR IOOP
_ PuPaMe CREEK  K-801-po K-891 ~VAW  ®g®  wgw — Wga R
Total Dissolved Solids 128 130 12 316 325 L27 L72 80
Metaphosphate as NaFO4 0e2h 0,32 0,08 7.70  8.22 8,58 T7.15 5.35
Orthophosphate as NaFO, 048  0.88 0.09 8.90  9.15 5.1h  T7.22 9.30
Total Hardness as CaCOsq 92 106 95 16L 183 236 252 255 |
Caleium as CaCO, 60 68 67 122 119 9 159 16L
M-Alkalinity as CaCOq sh 38 53 11 1 7 7 9
Turbidity as Si0, ko6 10,2 Lo 19 19 22 2l 12
Copper as Cu = Soluble 0,06  0.06 0.06 0,09 0,09 0.11 0.10 0.13
nom " . Total 0,06  0.08 0.06 0,09 0409 0,11 0410 0,22
Total Iron as Fe 0s57  Ook7 0031 0.8 0.6 0,50 0,50 0.56
Sulphate as (soh) 10 10 13 158 157 216 2hs 270
Suspended Solids 26 8 3 8 8 10 11 5
Chromates as Croh - - - - - - - 15.k6
Manganese as Mn 0.06  0.05 0,06 0,08 0,08 0,17 0.28 0406
Zinc as Zn - - - - - 1.hh 1.5k -
pH Te56  Tek3 7610 6472  6.72 64,02 5,87  6.02
Recirculating Watexr - - - Calgon Calgon~ GCalgon-~ Betsy
Treatment Used Coraid Coraid Dianodic
Total Chemical - - - $0.839 $1.778 $1.782 $2.0L8

Treatment Costs Per
Million Gallons of
Water Recirculated

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed

S.71 L9 5.70

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! hourly readings.




MONTHLY AVERAGE WATER ANALYSES - FEBRUARY, 1957

POPLAR RECIRCULATING WATER IOOP
P.P.M. CREEK K-801-A K-891 AW WpH nch TEN wa
Total Dissolved Solids 130 126 122 230 231 282 341 398
Metaphosphate as NaFO, 0,02 1,02 0.08 6.58 5.71  6.29 6,06 5.72
Orthophosphate as NaPO, 0,26  0.L9 0.09 8.L2 9.26 L.50 Te6Lh  11.37
Total Hardness as CaCJO3 76 76 76 1 133 161 178 212
Calcium as CaCOy 50 50 50 87 95 105 113 125
M-Alkalinity as CaCOj L2 L2 36 i1 11 7 7 15
Turbidity as Si0, 25.7  11.7 .19 19 22 22 20
EETOIEET O OSE Uk Wk 0¥ sE E Y 0P
Total Iron as Fe 0,55  0.L8 0030 0.56 0,54 0,52  0.L6  0.56
Sulphate as (SOh) 6 6 6 53 sh 116 125 148
Chromates as Crol4 - - - - = - - 20,1
Suspended Solids g} 7 1 10 10 11 12 10
Manganese as Mn 0,05 0,05 005 0.06 0,06 0.15 0,25 0,05
Zinc as Zn - - - - - 1.53 1.70 -
pH 755  T¢25 7600  6.7F 6,75 6406  5.91 5,99
Recirculating Watexr - - - Calgon Calgon- Calgon- Betz
Treatment Used Coraid Coraid Dianodic
Total Chemical - - - $0.727 $1.879 $1.976 $2.055

Treatment Costs Per
Million Gallons of
Water Recirculated

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed

6.07 5.00  5.54

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! hourly readings.
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In addition to discussions of operating results of all recirculating
water systems, this report covers the Utilities Department corrosion

test work and "short-term® corrosion curves for the K=31 and K~33 re-
circulating water systems.

Freon Condenser Corrosion

1) Metallurgical examination of six copper tubes removed from the
stean~heated test condenser in the K-=31l cooling water system
after exposure periods ranging from 11h to 3Ll days revealed
the most severe and consistent pitting encountered to date in
the test condenser.l Pit diameters were generaily about 1/32
inch or less, but the penetration was up to 30 per cent of the
tube wall thickness. The pits contained cuprous oxide, brittle
green deposits, and were covered by light brown tubercles.
Only one tube, a standard copper one with 226 days® exposure,
was not pitted, and this tube had numerous tubercles covering
areas of severe surface attack.

2) The Engineering Development Department in their final repor‘t;2
on evaluation of materials of construction for condenser tubes
concluded that the phosphorus-deoxidized copper tubes were as
good as or better than any of the other materials tested.

3) The Calgon Company continues to blame the comparatively poor
corrosion test results being obtained in K=31 recirculating
water system upon the presence of mercury in the make-up water.
They recommended3 clarification of all make-up water to this
system and discussed the mercury concentration found by them
in the K=31 recirculating water samples.

]'Technical Division Weekly Report for the Week Ending April 18
1957, Uidon Carbide Nuclear Company, Uak IEH%e Gaseous D"i'%i‘usi’ on Plant,
Kprlii 22, 1957, (KLI 3800, Part IJ,IBIX. (Secret)

2R, G. Knight, report to Mre. S. He. Smiley, Test Condenser Evalua-
tion of Condenser Tube Materials of Construction, Union Carbide Nuclear
Coal;gazg, Oak Ridge Gaseous Diffusion Plant, March 6, 1957, (KLD=-L02,
P .

3letter from Mr. J. P. Kleber, Calgon Company, to Mr. K. M. Jones
dated March 8, 1957.
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L) Ina meeting"‘ with representatives of the Calgon Company, data
and information were presented which showed that the Calgon-
Coraid treatment being used in "E" loop was not giving as good
corrosion test results as the chromate-phosphate treatment
(Betz Dianodic} being used in "G" loop. Probolog data, copper
test nipples; and test condenser results were submitted as evi-
dence,

Mr. J. Po Kleber of the Calgon Company readily agreed that the
corrosion test work indicated comparatively poor results on
WE! loop, but he said that the systems were not comparable due
to different make-up waters. He still blamed the mercury con-
centration in the untreated Poplar Creek water for the copper
pitting. He stated that the make-up water treatment at K-33
would remove at least 50 per cemb of the mercury continuously,
and probably considerably more during periods of unusually high
mercury concentrations. Mre. Kleber also stated that in the
final analysis the plant operating data should be seriously
considered, as it was his understanding that the K-31 condens=
er failure rate, despite longer service life; was much less
than that presently being experienced in K=33.

Mr. Kleber made the following recommendations for recirculat-
ing water treatment changes for "E® loops

a} Raise the total phosphate level in K=31 to 20 ppm,
and then to 25 ppm if heat transfer loss was not too
great. (This was recommended for the purpose of in-
creasing deposition on tubes to prevent contact with
mercury in the make-up water.)

b) Chlorinate the recirculating water once a day, raising
the chlorine residual to one ppm and hold for 30 min-
utes, but do not chlorinate over l hours. Continue
to feed L ppm Coraid after chlorinating and 2 pm 10
to 12 hours later.

c) Use only coagulated clarified make-up water for ME"
loop.

These recommendations were placed in effect on April 30, 1957.

5) To evaluate the corrosion protection offered to new condensers
in K-=31 by the Calgon=Coraid treatment, two recently retubed
condensers were inspected with the Probolog. The first was a
condenser in K=602=3,5 which had been in service for 22 months,
5 months prior to the start of the Calgon~Coraid treatment.
This condenser was found t¢ be severely pitted. Tubes removed

hJ o Lo Gamble, Minutes of Meeting With Calgon Company Representa-
tives Regarding Copper Corrosion in the K=31 Recirculating Water System,
April 29, 1931,, written and distributed May 7s 1957
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from this condenser and split for inspection confirmed the
Probolog evidence. The second condenser had 6 months' service
in the A-line--cooled test cell in K-602=L.2, with a controlled
water velocity of 5 feet per second. It was found to be pitted,
somewhat severely considering the service time. It was con~-
cluded that Calgon-Coraid was not protecting new condensers
against pitting corrosion.

To evaluate the protection offered to new condensers by the
Betz Orocol No. 181 in K=33, a condenser in K-902-7.10 even
was examined with the Probolog. This condenser had 16 months!?
service during which only Orocol No. 181 was used. No evidence
of any pitting was found.

Tests and operating results of the individual loops are as follows:

A Toop (K-25 East) and B loop (K=25 West)

The combined A" and "B" loop pumpages dropped from 61 to 5L million
gallons per day. This reduction is due primarily to closing down the
K-306 section, which was completed on March 28. The water control
valve position in K=309-2 averaged closing from L8 to L6 per cent open,
and the control valve average position in K=30L=l, opened from 26 to 39
per cent open.

C loop (K=27/K=29)

Total pumpage requirements increased slightly, from 57 to 58.5 million
gallons per day. There was no change in the K-27 water control valves
as indicated by the K~-L02-3 cells. The K-29 water control valves, as
indicated by the K-502-=1 cells, averaged closing from L5 to L2 per cent
open despite daily peaks as high as 55 per cent open.

There were no K-29 condenser failures during this report period. How=-

ever, one condenser, K-502-2,8, was acid cleaned for LS minutes to im-
prove heat transfer. No leaks developed as a result of this cleaning.

E Ioop (K=31)

Pumpage requirements dropped from 83 to 81 million gallons per day.
Improvements in heat transfer are also reflected in a return water tem-
perature increase of 1° to 1L5.5° F and the average closing of the water
control valves, as indicated in K=602=3, from 55 to L7 per cemt open.

There was one condenser failure during this report period==K-602-1.1 on
April 29, 1957; 6 tubes were plugged.

G Loop (K-=33)

Apparently there was some loss of heat transfer during this report
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period, as the pumpage requirements increased from 227 to 238 million
gallons per day with a return water temperature drop of 2° to 1L7° F.
The average water control valve position as indicated in K-902-l closed
from 66 to 6L per cent open.

Two leaking condensers were repaired or replaced during the report peri-
odg they are as follows:

1) K=902-L.1 even - March 18, 1957; leakage of 2L 1lb/day. As this
condenser had been plugged three times previously, it was re-
placed with a new condenser.

2) K-902=3,1 even - March 25, 1957; leakage of 35 lb/day; 1 tube
leake.

With the consent of Betz Laboratories, Inc., Calgon was added to sodium
dichromate for a period of 17 days in March to use up a supply of chro-
mate that had been previously purchased. A 1:1 mixture of Calgon and
sodium dichromate was supposed to be equivalent to Betz No. 181 Orocol.
However, in actual practice it was found that higher than normal meta=-
phosphate residuals could be maintained at lower than normal feed rates.
It was calculated that L1l pounds of Calgbg would be eguivalent to 700
pounds of the phosphate in Orocol No. 18l.”? As a result of this trial
run, Betz ILaboratories, Inc. was requested to formulate their No. 181
Orocol with a better grade of phosphate. They have agreed to do this,
and their new No. 181H formulation will be prepared from hexametaphos-
phate instead of the tripolyphosphate previously used.

K~892 Test loop

A T0=day test in the K=892 recirculating water test loop using no corro-
sion inhibitor was completed. This test was run to establish a base
from which the relative performance of -different corrosion inhibitors
can be evaluated. Operating conditions for this test were:

Supply temperature 902 F
Return temperature 1307 F
Concentration ratio 3s1

Water velocity L.0 feet per second
pH 7.8 to 8.0

Make-up water was supplied from the plant sanitary water system (Clinch
River). No chlorine was added to the test loop except that available
in the make-up water supply. Heat transfer conditions remained very
good throughout the test. Thin uniform deposits were found in the tubes
upon examination except in the inlet ends which were clean. No evidence
of pitting was found, but some microscopic etching of the portions of
the tube which were not covered by deposits was noteds Corrosion rates

5Let.ter from Mr. M. A. Fletcher to Mr. H. Go P Snyder, "Resulis
and fnalyses of Tests on Use of Substitute Chemicals for Corrosion Pre-
vention, K-892" dated March 19, 1957.
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calculated from weight loss of nipples are attached (Figure 1) and are
fairly high a s was expected.

K=31, K-33 Cathodic Protection

Design work for the installation of a cathodic protection system for

the prevention of external corrosion on the underground recirculating
water lines for K-31 and K-33 was completed. The most economical method
was found to be rectifiers to supply direct current potemtial to steel
rails (available at no cost) buried adjacent to the water lines. Pur-
chasing has been directed to advertise for bids for a lump-sum contrac-
tor.

Monthly Average Water Anaiyses

Attached are separate monthly average water analyses sheets for each
month covered by this report.

The "G" loop chemical treatment costs for March were considerably less
than in April, due to 17 days® operation with a Calgon--sodium dichro-
mate mixture in place of No. 181 Orocol. It will also be noted that
phosphate reversion to the ortho form was much less in March than in
April. As mentioned previously, Betz Laboratories, Inc. has agreed to
furnish us with a better grade of phosphate.

‘Some of the soluble copper concentrations are higher than normal, par-
ticularly "G" loop in April with 0.16 ppm. Previously we have had dif-
ficulty with steel pitting at soluble copper concentrations of over 0,10
Ppmo

Graphs of Steel and Copper Corrosion Rates

Of the attached corrosion curves, Figures 2 and L give the latest steel
and copper corrosion rates of "EM and "G" loops, respectively. These
curves are self-explanatory and are considered satisfactory. Figure 3,
with an elongated ordinate scale, gives a magnified view of the "E® loop
return copper corrosion rates after changes in chlorinating procedure
and making a large increase in the Coraid feed rate. From these curves
we conclude thats

1) While still at a low average corrosion rate, the rate of in-
crease indicates a pitting type of attack.

2) The increased Coraid feed rate did little good.

o G.Més

C. Ca. Fowlkes

7 Lt

ties Department : J. L. Gamble

Approved:




MONTHLY AVERAGE VATER ANALYSES - MARCH, 1957

POPLAR RECIRCULATING WATER IOQP
PoPalfs CREEK K-80l-A K-891 ~FAW  WgW W Wgm  mgn

‘Total Dissolved Solids 121 11 120 273 270 336 397 L95
Metaphosphate as NaFO, 0 0.2l 0,02 5,52 5,35  Le38  L.98 Teli6
Orthophosphate as NaF0 3 0.30 0.6 0.08 8.8L 9.18 5.19 7.17 1l.11
Totel Herdness as CaC0y 92 83 82 156 1L3 175 203 239
Calcium as CaC03 66 53 53 89 95 113 123 150
M-Alkalinity as CaC04 59 55 58 12 n 7 7 10
Turbidity as Si0s 12.3 9.5 3.2 16 16 21 19 18
Copper as Cu - Soluble 0.05 0.05 0.05 0,06 0.06 0,07 0.07 0,10

" " o"n = Total 0.06 0.07 0.06 0,09 0.10 0,08 0.10 0.13
Total Iron as Fe 0.66 1.h2 0,57 1.32 1.33 1.59 1.37 1.56
Sulphate as (S0 14) 6 8 6 50 51 100 116 13
Chromates as CrO), - - - - - - - 20.65
Suspended Solids 3.75 10.0 075  Te69 7.7 10,76  8.84  5.90
Manganese as Mn 0.05  0.05 0,05 0.067 0.06 0,127 0,205 0,06
Zinc as Zn - - - - - 1.5 163 -
Mo 8.0  7.96  TD 677 6,80 610  5.87 6403
Recirculating Water - - - Calgon Calgon- Calgon- Betz®

Treatment Used Coraid Coraid Dianodic
Total Chemical - - - $0.752 $.416 $1.854 $1.L00

Treatment Costs Per
Million Gallons of
Water Recirculated

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed

- he73 L.69 3.76

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators? hourly readings.

#*Includes 17 days of Calgon-chromate mixture.
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MONTHLY AVERAGE WATZR ANALYSES - AFRIL, 1957

POPLAR RECIRCULATING WATZR LOOP

PoPoMo CREEK K-801-A K-891 A" g AGH AEn nGh

Total Dissolved Solids 136 17 ik 301 297 o9 L59 6L5
Metaphosphate as NaFO3 0 0.25 0.20 T7.09 7463 772 T.L5 6063
Orthophosphate as NaFO 0.37 0.59 0.10 10.66 10.25 S.hL1  8.08 15.08

Total Hardness as CaCO3 103 97 102 183 178 217 2hh 326

Calcium as CaCOs 63 56 59 92 90 132 131 9L

M-Alkalinity as CaCOj 60 62 52 12 12 7 9 10
Turbidity as S10 0.4 11k 2,8 12,8 13,4 21.2 18.8  16.7
Copper as Cu = Soluble 0,06  0.07 0.05 0.06 0,08 0LH7 0.07 0.16
oMW Total 0.06 0,07 0.06 0.09 0,10 0,08 0,09  0.16
Total Iron as Fe 0.6k  0.70 0.L8 1.37  1.k2 1.5 1.57  3.kO

Sulphate as (S0)) 11 11 9 sh 57 90 96 113
Chromates as Cr0) - - - - = - - 22,69
Suspended Solids Lol L.0 0.5 Lo9 5.0 TeT .3 6.9
Manganese as Mn 0.06 0,06 0.05 0.06  0.08 0,13 0,20 0060

Zine as Zn - - - - - 1,51 1.58 -
pH 7450 ToL0 7.10  6.76 6,80 6,00 5.93  6.00

Recirculating Water - - - Calgon Calgon- Calgon- Betsz

Treatment Used Coraid Coraid Dianodic

Total Chemical - - - $0.920 $1.612 $1.936 $2,001

Treatment Costs Per
Million Gallons of
Water Recirculated

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed

5062

L.89

5.48

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! hourly readings.
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Sunmazy

This report outlines the opersting results of all recirculating water
systems, changes in water treatment procedures, -and results of corrosion
investigations during May and June, 1957. Included are corrosion curves
for the K-27, K-29, and K-31 recirculating water systems.

Changes in Water Treatment

Analysis of recent data obtained from the K-29 and K=31 freon condensers
indicated that serious corrosion was occurring on the water side of the
copper heat exchanger tubes.t These data included:

1. TInspection of copper tubes from steam-heated test condensers.
Several of these tubes from both K~29 and K-31 have been found
pitted, some severely after only short service time.2 (These
inspections are described in greater detail on page l; of this
report.) However, some of the tubes with even longer service
time were not pitted; no correlation with any operating varia-
ble was found. A Probolog inspection of all steam-heated con-
densers confirmed the existence of the pitting attack in K-29
and K~3Ll.3

2. Probolog data from freon conclensers.h One condenser in K-31
with only six months' service during which only the Calgon=-

Yetter from Mr. L. L. Anthony to Mr. H. G. P. Snyder, "™Modified
Make-up Water and Recirculating Water Treatments and Chromate Disposal,"
dated June 7, 1957.

2pechnical Division Weekly Report for the Week Ending May 31, 1957,
Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant, June 3,
1957, (KLI 3800, Part L9). (Secret)

letter from Mr. J. L. Gamble to Mr. L. L. Anthony, "Summary of
Probolog Test Results of Steam-Heated Test Condensers in K-29, K-31 and
K-33," dated May 31, 1957.

"‘J « Lo Gamble, Progress Report, Corrosion Control and Engineering,
Report No. 5, May 3, 1957.
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Coraid treatment was used was found to be pitteds Another con-
denser in K=31 with twenty-two months?! service was found to be
badly pitted. One condenser with three months! service was not
pitteds however, it had been operated at 7. S-foot-per-second
water velocity. IR

3. Copper test nipples. Test nipples recently removed from the
K-31 recirculating water system have contained pitted areas.

——————

A similar investigation of the K-33 recirculating water system was made,
and no : indications of pitting of new copper condenser tubing were found

In comparing the water systems, two basic differences were noted:
1. The corrosion inhibitor. Calgon-Corsid treatment was being used

in K-29 and K-31, wnile Betz Dianodic (No. 181) was being used
in K°330

2. Make-up water. The make-up water source for all systems was
Poplar Creek; but the K-33 water supply was clarified, while,
for the most part, the watér for K-29 and K-31 was unclarified
(except for periods of high turbidities in Poplar Creek).

Due to the severity of the corrosion attack i 5K—29 and K-31, it was de-
cided that an immediate change should be made.,” While it is possible
that the copper pitting was due solely to some contaminant in the e-
up water, as was concluded by Mr. J. P. Kleber of the Calgon company? it
was felt that this risk should not be taken, especially since a proven,
successful treatment was available. Accordingly, on June 11, 1957, the
Calgon=Coraid treatment was discontinued in "C" and "E" Joops, and the
Betz Diamodic (No. 181) treatment was started. The use of only clarified
malfe‘\k_:gp for K-3l--started previously--=will be continued, and clarified”
make-up for K-29 will be made available as soon as possible.

In order to limit the concentration of chromates in Clinch River, which
receives blowdown from all recirculating witer systems, the chromate
level i? the K=33 recirculating water system was reduced from 20 ppm to
10 ppm.! This step was taken after the Betz Laboratories advised that
adequa Be corrosion protection would be provided at the lower chromate
level, and after Probolog inspection of a Paducah condenser operating

SLetter, Anthony to Snyder, June 7, 1957, op. cit.

6Let'ber from Mre. Jo P. Kleber to Mr. L. L. Anthony, "Cooling Water
Treatment, K-25 Area," dated May 6, 1957.

Tietter from Mr. L. L. Anthony to Mr. H. G. P. Snyder, "Concentra-
tion of Chromates in Clinch River," dated May 20, 1957.

8. A. Fletcher, Minutes of Meeting with Betz Laboratories Repre-
sentatives Regarding Various Water Treatment Problems, May 22, 1957,
written May 2L, 1957.
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at this level for three months (after four months at the 20 ppm level)
showed no evidence of pitting.

No change in treatment of "A™ and "B" loops is planned, since no diffi-
culties have been experienced and the straight Calgon treatment is very
economical.

Freon Condenser Corrosion Investigations

The more significant developments concerning the freon condenser corro-
sion problem were:

1.

Four tubes from a K-31 freon condegser5 which had been cleaned
at K=1L0l, were examined recently. As a result of a head gas-
ket failure in the acid circulation systemy which cccurred dur-
ing the cleaning cycle, these tubes had been exposed to acid for
a 3= to L~hour period instead of the customary 20-minute cycle.
Owing to inability to flush the system, the acid had remained
stagnant in the tubes until repairs could be made. The four
tubes presented the first evidence of metal loss that has been
found on tubes that have been cleaned in the acid-cleaning loop.
A very interesting pattern of attack was observed in two tubes
removed from pass 1-2. These tubes exhibited severe etching of
the surface with marked reduction in wall thickness. However,
at areas where tuberculation and pitting had occurred in serv-
ice, there were raised areas of copper which had a burnished
appearance and had suffered no visible attack. Wall thickness
measurements showed that these areas were of the same order of
thickness as a new tube. This indicates that the tubercle and
its underlying scale had functioned to protect the underlying
copper against attack by the acid. A thickness loss of as much
as L mils had occurred in portions of the tube that had not been
protected by the hard scale of tubercles,

The two tubes examined from pass 3-L exhibited a moderately se-
vere, general etching of the surface, but the metal loss was
much less than that observed in the tubes from the first two
passes.

Four tubes from the K-29 siﬁply test condenser were examined by
the Metallurgy Department. A powdery, cream~colcred scale
about 0.02 inch thick over a thin, tan, brittle, noncontinuous
subscale was found on each of the tubes.

%J. L. Gamble, Corrosion Control and EFngineering, Report No. 7,

June 12, 1957.

lOTechnical Division Weekly Report for the Week Ending May 10, 1957,

(KLI 3800, Par: 46). (Secret)

1lrechnical Division Weekly Report for the Week Ending May 31, 1957,

(KII 3800, Part L9). (Secret)
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The standard copper degreased tube with 116 days' service was
the most severely attacked. Narrow pits that penetrated about
two thirds of the tube wall and numerous large shallow pits were
found. The pits contained cuprous oxide and brittle, green de=-
posits and were covered by tan, powdery tubercles. The stand-
ard copper tubes exposed during the same period had a few tuber-
cles and areas that were in the early stages of pitting. The
standard copper degreased tube with 189 days! exposure had sev-
eral large pits (greater than 1/32 inch in diameter} filled w th
cuprous oxide and corrosion products. The standard copper de-
greased tube exposed for 318 days, including 69 days with Calgon-
Twtreated cooling water, was only slightly attacked and no pits
were found,

About 50 per cent of the tubes previousiy examined from this
condenser had been pitted to some extent, but no pits with ex-
cessive penetration were found. The pitting did not seem to be
a factor of length of service or of tube material. Both the
frequency and severity of pitting in the standard copper and
standard copper degreased tubes have increased since June, 1956,
when the Calgon=Coraid treatment was substituted for the Calgon
T water treatment.

3. As a result of the inspection of one batch of copper tubes re-
ceived by Goslin-Birmingham from Wolverine which were found to
be contaminated with dirt and oil, the decision was made that
these tubes should be cleaned with trichloroethylene, after as-
sembly into_the shells, to remove the oily film and flush out
loose dirt.l? The degreasing treatment will be followed by a
mild acid cleaning in the condenser cleaning loop to remove
stains and lay down a uniform protective coating. Inspection
of a retubed K-31 condenser recently received from Goslin-Rir-
mingham disclosed the presence of contamination in the tubes
much in excess of that found in the Mas=received®" tubes. The
cleaning procedure proposed should adequately remove the addi-
tional foreign matter. A boroscopic examination of the first
condenser cleaned by this method indicated satisfactory results.

he Metallurgical examination of standard copper Jdegreased tubes
and standard copper degreased and water-oxidized tubes with 216
and 361 days! service in the test condenser in the K-33 return
water showed them to be coated with a very thin, powdery scale
over a thin film of subscale.l3 The tubes with 216 days' serv-
ice were in very good condition with only a very light etching
of the tube surface, while the tubes with 361 days'® service had
small blisters of copper and small areas of moderate attack. No

125, 1. Gamble, Minutes of Meeting to Discuss Freon Condenser Clean-
ing, May 29, 1957, written June L, 1957.

13pechnical Division Weekly Report for the Week Ending June 28,
1957, Umion Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant,
July 1, 1957, (KLI-L1L5, Part 1). (Secret)




pits were found,

A standard copper degreased tube and an arsenical annealed tube
with 262 days! service and a standard copper annealed and de=-
greased tube with 11l days of service in the test conderse in
the K=-31 return water line had a thin, powdery scale with little
or no subscale. All the tubes were pitted and had areas of se-
vere surface attack. The older tubes had the larger and deeper
pits with penetration of as much as 35 per cent of the wall
thickness.

Graphs of Stesl and Copper Corrosion Rates

Figure 1 is an over-all picture cof the corrosion rates obtained with cop-
per test nipples in "C" and "E" loops while using the Calgon-Coraid treat-
ment. Figures 2 and 3 are the results of long-term steel and copper test
nipples in "C"™ and "EY loops. All corrosion rates are ccnsidered satis-
factory except for the steel return in "E" loop, which is somewhat higher
than desirable although not significantly.

Corrosion rates on copper test nipples installed in "EW" loop after in-
creasing the_chlorination snd phosphate levels as described in the pre-
vious report+4 were determined. After 33 days'! service the rates were:

Copper Supply 0.1l mil per year
Copper Return 0,12 % @ ®

These rates were considered satisfactory.

The attached curves indicate that the average corrosion rate as deter-
mined by test nipples will not, by itself, give the whole corrosion pic-
ture. It is apparent now that serious pitting can occur even with a low
average corrosion rate. However, the objectionable copper pitting in
"E" loop was evident in the test nipples long before the test condensers
showed pitting; so they do serve some purpose in addition to giving the
average corrosion rate. '

K-31, K-33 Cathodic Prctection System

A contract was awarded to Vickers Construction Company for the installa-
tion of & cathodic protection system for the underground recirculating
water lines serving K-31_ and K-33. Construction work was begun in May
and as of the end of this report period was approximately 75 per cent
complete. - T '

A

1hC. C. Fowikes and J. L. Gambis, Summary of Recirculating Water
Treatment Tests for March and April, 1957, Process Utilities Department,
UCNC, Oak Ridge Gaseous Diffusion Plant, July 25, 1957, (KP-570, Part
22).




K-892 Test Loop

The K-892 test loop was returned to service using the Betz Dianodic treat-
ment, Orocol No. 181, with 20 ppm chromate and 20 ppm phosphate. The pre-
vious K-33 water treatment is being simulated as closely as possible.

This test is being run while awaiting completion of the Clinch River make-
up pumping station to determine the confidence with which test loop re-

. sults can be projected intc a large operating water system.

Mercury Reduction in K-892 Infilco Accelators

A one-week test to determine the efficiency of the K-892 thgfilco Accela-
tors in removing mercury from the make-up water was made. The results
of this test showed an average of 51 per cent removal of the mercury by
the coagulation process. - T T

Meeting with Dearborn Chemical Company

A meeting was held on May 9, 1957 with Dearborn Chemical Compgny repre-
sentatives regarding recirculating water treatment at ORGDP,- At this
meeting the Dearborn representatives described their answer to our copper
corrosion problem, which, in brief, consists of raising the recirculating
water pH above 6.7, allowing the farmation of a natural copper oxide pro=-
tective coating, and the addition of a special polyacrylate dispersive
agent to prevent excessive deposition and loss of heat transfer. They
admitted that this treatment is still in an experimental stage and that
they have intensive tests in progress. It was agreed that their approach
seemed promising and that, if possible, we would perform a test of their
treatment in our K-892 recirculating water test loop, probably sometime
this fall.

Tests and operating results of the individual loops are as follows:

A Toop (E=25 East) and B Loop (K=25 West)

The combined "A¥ and "B" loop pumpages increased from Sh to 61 million
gallons per day--an exact reversal of last period's decrease in pumpage
requirements. There were no other indications of loss of heat transfer,
as the "A" loop return water temperature increased 1.5° F to 122° F and
the average water control valve position, as indicated in K=309-2, closed

15L. L. Anthony, Process Utilities Progress Report, Week Ending May
19, 1957, May 20, 1957.

160. C. Fowlkes, Minutes of Meeting with Dearborn Chemical Company
Representatives Regarding Recirculating Water Treatment at ORGDP, May 9,
1957, written May 16, 1957.

X RN e ARG e A v *, - - chlg] - DG s v LS z
NIPLIP AT B S (ke Y S NI AN R SAENO RN LI CATE 3 AN 3 JE AR AL AT 154 )




from 46 tc LS per cent open. For "B" loop; the return water temperature
was constant, and the average water control vaive position, as indicated
in K-30k-lL, decreased from 39 to 37.5 per cent open.

C Loop (K=27/K=23)
The *C" loop recirculating water treatment changes which were made on
June 11, 1957 have been discussed previcusly in this report.

Total pumpage requirements increased from 58.5 to 65 million gallons per
day, but this increase is believed to be due mainly to an unusually high
supply water temperature at the end of June. The K-27 watexr control
valves, as indicated in K-L02-3, averaged closing from 63 to 60 per cent
open by June 29, but opened to 70 per cent on June 30 due to the abnor-
mally high (87.7° F average) supply temperature. The K-29 water control
vaives, as indicated in K-502-1, averaged opening from L2 to L5 per cent
open during this report period. The M"C" loop return water tempexrature
increased 1° F to 1210 F,

There were no K=29 condenser failures during this report period.

E Loop (X=31)

The %E® loop recirculating water treatment changes which were made on
June 11, 1957 were thoroughly covered earlier in this report.

There was no sigmificant change in heat transfer characteristics, as the
return water temperature, pumpage requirements and the average water con-
trol valve position, as indicated in K=-602-3, was unchanged.

There were no condenser failures during this report period. Several con-
densers were changed out in connection with the AILC program. Following
Probolicg tests; most of these condensers were retubed wi thout acid clean-
ing. One condenser (no. 219012 from K=602-2.6) was acid cleaned and had
53 tube leaks. It was alsc retubed before installation in K-602-3.1.

G Loop (K-33)

e —

The "G" Joop recirculating water treatment changes which were made on
June 11, 1957 have been previously discussed.

Pumpage requirements increased from 237 to 252 million gallons per day
as a result of converting 10 cells for the AIC program. This also re-
sulted in a return water temperature drop from 147.5° F to 1L5.5° F.

The average water control valve position, as indicated in K~902-lL, open-
ed from 6L to 68 per cent open.

There were no condenser failures during this report period.



Monthly Average Water Analyses

Attached are separate water analyses sheets for May and June, 1957.

The soluble copper concentration in "G" loop, while still a little high,
showed a decrease in May. For June; only the total copper concentration
is available, but this value shows a decrease from May.

The calecium hardness and total dissolved solids in the make-up water
showed a decided increase from previous months, and this increase is re-
flected in the recirculating water analyses. The "G" loop average cal-
cium hardness of 276 ppm for May and 271 ppm for June were very close to
the control point of 280 ppm allowablé calcium hardness. As individual
analyses showed as high as 316 ppm calcium hardness, t hese high hardness
values may have contributed to the loss of heat transfer experienced in
uG" Joop during this period. —— T

The "G" loop total treatment costs for June show an appreciable drop due
to adoptiocn of a less expensive recirculating water treatment. On June
11, 1957, the treatment was changed from Orocol No. 181H to Orocol No.
179H; and, as the No. 179H had to be temporarily made from a mixture of
Orocol No. 181H and Calgon, an additional savings was effected.

(‘ZCC}MM

C. C. Fowlkes

' § iJ. LE. Gamble

Approveds M

L. L/ fnthony
Process Utilities Department
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MONTHLY AVFRAGE WATFR ANALYSES - MAY, 1957

FOPLAR RECIRCULATING WATER LOOP
PoPoMe CREEK  K-801-A K-891 "4" gw iGH RN nGn
Total Dissolved Solids 237 éhs 238 LSk 451 638 760 881
Metaphosphate as NaPO, 0.22 0435 0,15 6.23 5.84 10,17 8.06  6.05
Orthophosphate as NaF0, 0.55 0479 0,17 8.40  7.h2  6.36 9.22 11.91
Total Hardness as CaC04 146 g 138 210 202 301 356 117
Calcium as CaC03 91 103 g5 130 12} 189 221 276
M-Alkalinity as CaCOq 80 79 73 15 21 9 10 11
Turbidity as 5i0, 2.1 1.2 a7 18. 16 25 25 31
Copper as Cu - Soluble 0.06 0406 0.05 0,07 0.07 0.08 0.10 0,11
woomom . Topal 0.07  0.06 0,06 0.09 0,09 0.09 0,10 0.2L
Total Iron as Fe 0.62 0464 0.55 0,89 0.9L 1.32 1l.hk 2,16
Sulphate as (SOh) 12 12 12 86 87 133 16l 181
Suspended Solids 6.0 S5¢5 1.6 9.0 7.4 14,0 15,0 18.0
Chromates as Croh - - - - - - - 23,63
Manganese as Mn - 0.07 0.06 0.06 0.08 0.08 0.1 0.26 0,07
Zinc as Zn - - - - - 1.63 1.63 -
pH 7.88 7,89 748 6480  6.79 6,05 6,03 6,08
Recirculating Water - - - Calgon Calgon- Calgon- Betz
Treatment Used Coraid Coraid Diamodic
- Total Chemical - - - §0.626 $1.638 $2.541 $1.880
Treatment Costs per
Million Gallons of
Water Recirculated
Total Chemical - - - - 5.25 6.1 5.06

Treatment Costs
in Mils per MM
BTU Removed

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! hourly readings.

ERRMIEI K0 + AR



MONTHLY AVERAGE WATER ANALYSES - JUNE, 1557

POPLAR RECIRCULATING WATER IOOP
P.P.M. CREEK  K-801-A K=891 WAl wpn wow g NGH
Total Dissolved Solids 176 183 259  L6B L59 595 7L3 76l
Metaphosphate as NaP03 0.27 0.85 0.13 5.82 5.37 7,40 7052 6029
Orthophosphate as NaP03 0447 0.72 Oully 8,19 Te79 S5.87 10,02 11.59
Totai Hardness as CaC0y L5 153 152 2Lk 2ko 337 377 116
Calcium as CaC0g 98 98 93  i62 15h 222 238 271
M-Alkalinity as CaC0, 67 61 56 i i 8 9 12
Turbidity as 510, 68,8  15.7 7.5 29 28 L 38 L8
Copper as Cu - Total 0.i0  0.11 0,08 0.13 0413 0.16 0,12 0,17
Total Iron as Fe 0.L5  0.55 0.60 0.81 0,79 1.18 1.28 1.19
Sulphate as (S0},) 35 39 37 81 83 96 100 103
Suspended Solids 22,0 7.0 2.5 19 16 33 2L 35
Chromates as Croj, - - - - - 16,34 19,23 18.95
Manganese as Mn 0,05 0,05 0.05 0.7 0.07 0.2 0419  0.05
Zinc as Zn - - - - - 1.01 1,08 -
pH 7.31 6.86 6.90  6.76  6.79  6.01  5.99  6.07
Recirculating Water - - - Calgon * * Betz
Treatment Used Dianodic
Total Chemical - - - $1.016 31,816 $2.202 $1.66L

Treatment Costs Per
Million Gallons of
Watexr Recirculated

Total Chemicdal
Treatment Costs
in Mils per MM
BTU Removed

6.26 Sl L.82

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception ¢f the make-up water turbidities and all pH's which are averages of the
operators'! hourly readings.

¥on June 11, Calgon=Coraid treatment was discontinued, and Betz Dianodic started.

®after dune 11, 1957
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INTER-COMPANY CORRESPONDENCE
UNioN CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation

TO: MI‘. Ho G’o Po Snyder Plant: ORGDP
K-303-7
Date: October 16, 1957

Copies To:  Attached Distribution Subject: Summary of Recirculating
Water Treatment Tests for
July and August, 1957

KP-570, Part No. 2L

Summary

This report outlines the operating results of all recirculating water
systems and the results of corrosion investigations during July and Au-
gust, 1957, Included are corrosion curves for the K-27, K-29; K-31 and
K-33 recirculating water systems, and a discussion of initial softening
operation of Clinch River make-up water.

Freon Condenser Corrosion Investigations

The more significant developments concerning the freon condenser corro-
sion problem were:

1. Three standard copper degreased tubes were examined after 98
days' exposure in the K-801l-A test loop.l During this periocd,
a similated Nalco 33 water treatment was tested using sanitary
water adjusted to a pH of 6.2 and treated with Calgon and ferro-
cyanide. All the tubes had a tan, powdery scale about 0.015
ineh thick over a thin, greenish yellow subscale. Practically
the entire tube surface was attacked slightly, there were small
areas of moderate attack in each tube; however, no pits were
found. Replacement tubes representative of the original tubes
which had pitted badly in the Paducah freon condensers were in-
stalled in the test condenser, and the same test was repeated.

Two of the Paducah-type tubes and one standard copper degreased
tube were examined after 78 days.2 Nome of the tubes were pit-
ted, but the two Paducah tubes had slightly more severe surface
attack than the degreased tube, and patches of green deposits
over cuprous oxide were noted on the tube surface. The unex-
posed: section of one of these tubes had a heavy black deposit
on the surface while the other had a light gray, oily-appearing
surface film.

]'Technical Division Weekly Report for the Week Ending July 12, 1957,
Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant, July
15, 1957, (KLI-L1L5, Part 3). (Secret)

29echnical Division Weekly Report for the Week Eﬂ&ing Aupgust 30,
1957, (KLI-I1L5, Part 10). (Secret)

WwWCX.163 (8.55) This form for Inter-Company Correspondence only
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2, Metallurgical examinations were made on three standard copper
degreased tubes removed from the test condenser in the K-33 re-
turn water system.3 Two of the tubes had 203 days' service amd
the other had 504 days' service. All of the tubes had a very
thin, gray surface scale, and the tube with 50k days® service
had a thin, black film of subscale. The presence of mercury
was suspected in one of the tubes (203 days) when silvery areas
appeared on the surface after cleaning. These areas would then
disappear in about 15 minutes. Vapor detector tests on each
tube showed the presence of mercury and quantitative spectro-
graphic analysis of the scale from one of the tubes showed 0.l
per cént mercury. Despite the presence of mercury; there was
no pitting in the tubes and the surface attack was only mild.
Qualitative tests have previously shown mercury in the scales
from both K-33 and K-31 test condenser tubesy; but this is the
first instance of visible mercury on the tube surface.

3., During this report period a total of six K-31 freon condensers
were examined with the Probolog. All of these were original in-
stallations and all were found to be severely pitted. Two of
these condensers were acid cleaned to confirm the Probolog datag
107 leaking tubes were found in one condenser and Ll lesking
tubes were found in the other. No known lezks existed in any
of the condensers prior to removal from service. All were sent
t0 Goslin-Birmingham for retubing.

K=31l==K=33 Cathodic Protection System

The lump-sum subcontractor has completed the installation of the cathodic
protection system for protection of the underground recirculating water
lines serving K-31 and K-33. The system has been energized, and UCNC
forces are presently testing the system and will adjust all voltages and
current flows to obtain the proper protection.

Steel and Copper Corrosion Rates

A corrosion meter for determining steel and copper corrosion rates by
measuring resistance changes in special probes inserted in the recircu-
lating water systems was obtained and probes were installed in all recir-
culating water loops. ,Test nipples were dlso installed for correlating
the Corrosometer data.h Preliminary results from the Corrosometer are
very encouraging. These results, together with the associated test nip-
ple results, are illustrated on the attached curves, Figures 1 through 3.
While the individual readings at any given time are not comparable, it
will be noted that the average values as determined by the Corrosometer

3Tpid.

hJ. L. Gamble, Progreés Report, Corrosion Control and Engineering,
Report No. 8, July 19, 1957.
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agree very well with the values determined by the test nipples. If sat-
isfactory results continue to occur, the Corrosometer will replace much
of the presemnt test nipple wrke.

Figure L illustrates the results of corrosion tests on "G" loop since

the start of Orocol 179 treatment as determined by the Corrosometer.
Test nipple data are not available for comparison.

Make-up Water Treatment

The source of make-up water was changed from Poplar Creek to Clinch River
on July 1, 1957. Chemical treatment for the Infilco accelators was
changed at this time from coagulation to cold lime softening.

Initial operating conditions were erratic and several changes to the
equipment were required. Good operational control was accomplished from
alterations to the chemical feeders, slaking tanks, feed lines and exhaust
system.

The type of lime material now being used has contributed greatly to the
present controlled conditions. It is a dust-free one eighth-inch to
three eighths-inch pebble quicklime. Pulverized lime was difficult to
use due to flooding and arching in the feeders and hoppers. :

New chemical-handling facilities, specially designed for slaking quick-
lime, will be placed in service during the first quarter of 1958.

The hardness of the effluent can be reduced between 35 and LO per cent
with a treatment of 50 ppm lime and 15 ppm ferric sulphate. ZXExtensive
laboratory testing indicates that the new coagulant aids are of no bene-
fit to the treatment during normal raw water conditions. Materials show-
ing promise of increasing operating efficiency will be investigated by
plant trials.

Tests and operating results of the individual loops are as follows:

A Loop (K-25 East) and B Loop (K=25 West)

The combined "A" and "B" loop pumpages decreased from 61 to 52 million
gallons per day, reversing the trend of the last report period. The "A®
loop return water temperature increased 1° F to 123° F, and the average
water control valve position, as indicated in K-309-2, closed from L5 to
Lly per cent open. For "B" the return water temperature was constant

and the average water control valve position, as indicated in K-30L=L,
decreased from 37.5 to 35 per cent open.

C Loop (K=27/K=29)

The "C" loop total pumpage requirements decreased from 65 to L2 million
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ggllons per day, and the return water temperature increased from 121° F
to 132° F. These changes were mainly due to the K-27 power load drop of
12.8 per cent, and to an increased coolant temperature (127° F to 153° F)
to the K~27 coolers. The K-27 water control vaives, as indicated in
K-l02-3, average closing from 60 to L7.5 per cent open. The K-29 water
control valves, as indicated in K-502-1, averaged opening from L5 to 5L
per cent during this report period.

E Ioop (K=-31)

During this period there were no significant changes in either the REM
loop pumpage requirements or in the return water temperature. However,
the water control valves as measured in K-602-3 averaged closing from L5
to 36 per cent open, and this change is attributed to replacement of five
condensers in this building within this report period in connection with
the ALC program.

G Loop (K-33)

Due to a power load decrease of 8.7 per cent, the "G" loop pumpage re-
quirements dropped from 252 to 222 million gallons per day, and the av-
erage water control valve position, as indicated in K-902-L, closed from

67.5 to 58 per cent open. The return water temperature increased 2,5° F
to 1L8° F.

Monthly Average Water Analyses

Attached are separate water analyses sheets for July and August, 1957.

Tt will be noted that the calcium hardnesses of "E" and "G" loops are
much lower than normal, as a result of partial softening of the make-up
water. Softened make-up water was supplied to "C" loop starting July 26.
The August water analyses for "C" loop show a sharp drop in dissolved
solids as well as calcium and total hardnesses as compared to the July
analyses.

The economical advanmtages of partial softening are apparent in the lowered
total chemical treatment costs of "EM and "G" loops, as higher concentra-
tion ratios allowed reductions in recirculating water treatment costs that
more than offset increased make-up water costse. However, " loop treat-
ment costs increased in August with softened water; as nonreturn usage
prevented higher concentration ratios and the increased treatment costs
are due to higher make-up water costs. Investigations are now being made
to reduce "C% loop nonreturn usage where economically feasible.

C,C.W s
C. Cs Fowlkes

Jde Le Gamble

oV D S e
Approved: /,(,7/ é @Jyfz&u/ﬂv
We. C. Hartman

Process Utilities Department .
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MONTHLY AVERAGE WATER ANALYSES - JULY, 1957

Clinch P.C. & RECIRCULATING WATER IOOP
PaP.Mo River K-801-A KX-891 VAP 0 meH REn nGn
Total Dissolved Solids  1L9 21l 163 378 Lol 637 LL8 L96
Metaphosphate as NaFO, 0.17 0.11 0016  5.49  5.17 6.95  6.92 7.42
Orthophosphate as NaPOj 0.10 1.17 0621 7.78 7.99  9.60 9,62 14,21
Total Hardness as CaCOy 11 13 93 205 206 312 249 310
Calcium as CaCOg 83 9k L3 130 135 208 17 17k
M-Alkalinity as CaCOj 83 71 L 20 19 n 10 10
Turbidity as Si0, 22 12 7 2L 22 38 22 29
Copper as Cu - Soluble 0.02 0.05 0.05 0,06 0.06 0.06 0.07 0.08
n "o" . Total 0.05 0.07 0.06 0,16 0.16 0.26 0.18 0.16
Total Iron as Fe 0,22 O.h1 0,21 055 0.66 0.83 0.61 0.92
Sulphate as (soh) 7 36 13 95 99 183 107 143
Suspended Solids 13 1 L 16 17 27 17 2l
Chromates as Cro), - - - - - .7 1%.3 10.1
Manganese as Mn 0.03 0.03 0.03 0,05 0405 0.10 0.07 0,03
Zinc as Zn - - - - - 0.38 O -
pH 8.08 T.99 9.09 6.78 6.78 6.01 6.01 6.17
Recirculating Water - - - Calgon Betz Dianodic
Treatment Used
Total Chemical - - - $0. 742 $1.6LL $1.831 $1.L09

Treatment Costs Pexr
Million Gallons of
Water Recirculated

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed

L.55

L.5h

h.06

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! howrly readings.



MONTHLY AVERAGE WATER ANALYSES - AUGUST, 1957

Clinch P.C. & RECIRCULATING WATER IOOP
PoPoMo River K-80l-A K-891 ~WAW _ WBR  #mon  WEe  WGE
Total Dissolved Solids 120 172 96 33k 321 331 L52 520
Metaphosphate as NaFO4 0.10 0622 0,10 64,60  6.39 10,76 7.26  5.33
Orthophosphate as NaPO, 0,10 0495 O0cll 6.53 6495  8.04 11,07 1L.53
Total Hardness as CaCOs 118 110 70 166 167 184 261 305
Calcium as CaCO4 76 65 38 101 99 102 151 180
M-Alkalinity as CaCO4 88 70 L3 22 23 10 9 10
Turbidity as 5i0, 13,0  23.0 6.3 39 35 7 17 19
Copper as Cu - Soluble 0.0 0.06 0,04 06,06 0,06 0,06 0,07 0,07
nooomo® . Total 0.0, o.11 0,05 0,10 0,09 0,16 0,18  0.27

Total Iron as Fe 0.2y 0439 0.1  0.31  0e32 0,37 0.55  0.65
Sulphate as (SOh) 6 6 5 88 99 132 216 245
Suspended Solids 8 12 i 26 23 5 13 15
Chromates as Cr0) - - - - - 5.4k 17.1 9.7
Manganese as Mn 0,05 0405 0,05 0.05 0.06 0,06 0.06 0.06
Zinc as Zn - - - - - 0.28 0.49 -
pH 796 7482 9,20 6478 6481 6,00  6.00 617
Recirculating Water - - - Calgon Betz Dianodic

Treatment Used
Total Chemical - - - $1.161 $2.230 $1.61h $1.331

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - - 6.08 L.l 3.83

Treatment Costs
in Mils per MM
BTU Removed

All water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the

operators? hourly readings.
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INTER-COMPANY CORRESPONDENCE
UNioN CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation

To: Mr. H. G. P. Snyder Plant: ORGDP
K-303-7
Date:  January 16, 1958
Copies To: Attached Distribution Subject: Summary of Recirculating
Water Treatment Tests for
September and October, 1957

KP-570, Part No. 25

Surmary
This report describes the results of all recirculating water treatment and

corrosion tests and outlines the operating results of all recirculating
water systems during September and Uctober, 1957.

Freon Condenser Corrosion Investigations

The more significant developments concerning the freon condenser corrosion
problem were:

1. Six tubes from the steam-heated test condenser in the K-29 recircu-
lating water supply system were examined after exposure periods of
75 to 588 days.l Water treatment during this period included Betz
Dianodic for the last 90 days, Calgon-Coraid for the previous 372
days, and Calgon "T" at the start of the period. Poplar Creek
make-up water was used except for the last 60 days when softened
Clinch River make~up was used. Hxamination of the tubes exposed
to only the Betz Dianodic treatment revealed no pits and only slight
surface atback. One tube with 588 days' service had no pits but
slightly more severe surface attack. The remaining three tubes

' exposed to both the Calgon and the Betz treatment were pitted and
had areas of severe surface attack. Small tubercles were found on
two tubes, none on the others. The absence of tubercles may indi-
cate that the Betz treatment is removing the corrosion products

and may eventually passivate the presently active pits. Nearly all
the pitted tubes and several of the unpitted tubes removed previ-
ously from this test condenser have contained numerous tubercles.

2. After mercury was detected in a tube from the test condenser in
the K-33 return water system,2 several of the tubes removed from

lTechnical Division Weekly Report for the Week Ending October 25, 1957,
Union Carbide MNuclear Company, Oak Ridge Gaseous Diffusion Plant, October

2¢. C. Fowlkes and J. L. Gamble, Surmary of Recirculating Water Treat-
ment Tests for July and August, 1957, Process Utilities Department, UCNC,
Oak Ridge Gaseous Diffusion Plant, October 16, 1957, (KP-570, Part 2L).

WCX-163 (8-55) This form for Inter-Company Correspondence only
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other condensers since that time have been checked for mercury.3
Tubes from the K-31 supply and return condensers exposed only to
the Betz treatment and Clinch River make-up water were found to
contain essentially the Same quantity of mercury in the scale (300
to 500 ppm) as tubes exposed to Calgon treatment and Poplar Creek
maké=up. This may indicate redistribution of the mercury previ-
ously deposited; and if this mercury is responsible for the copper
corrosion, it may mean continued corrosion pobential for some time
even with Clinch River make-up. However, the Betz treatment has
apparently been successful in inhibiting the mercury effects.

Probolog Operations

A total of six condensers removed from service in K-31 during the A-line
cooling program were inspected with the Probolog. It was concluded that all
six were pitted beyond economical use. One condenser was acid cleaned to
confirm the Probolog data, and 169 leaking tubes were found after cleaning.
A1l six condensers were sent to Goslin-Birmingham for retubing, along with
one spare used condenser which was inspected and found defective.

Two retubed K~-31 condensers were inspected prior to being placed in service
for comparison with future inspections. These condensers were installed in
K-602-1.2 and K-602-2.7.

One retubed K~-29 condenser was inspected prior to installation in K-502-1.5
for comparison with future inspections.

Corrosion Rates

The use of the Corrosometer for determining steel and copper corrosion rates
in the recirculating water systems was adopted as the standard method, and
most of the test nipple work has been discontinued. Corrosion rates being
obtained at the end of this report period were as follows:

Mils Per Year

Days'!

Steel Copper Service
K~-33 Supply 0.80 0.07 98
K-33 Return 0.55 0.20 103
K-31 Supply 0.52 0.19 98
K-31 Return 0.49 0.18 100

Sufficient probes have been ordered to replace the K-29 probes and to extend
the tests to the MA" and "B" recirculating water systems.

3Pechnical Division Weekly Report for the Week Ending November 1, 1957,
Union Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant, November L,
1957, (KLI-L1LS, Part 19). (Secret)
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Test Condenser Program

Responsibility for operation of the steam-heated test condensers in K-29
K-31, and K-33 has been transferred to the Process Utilities Department.&
These test condensers have been set up to duplicate conditions in the freon
condensers as closely as possible and will be used as corrosion monitors in
each system. Routine inspection with the Probolog will be made to detect
any pitting in the tubes, and operating logs will be kept as a record of
heat transfer conditions. Tubing installed in the test condensers is iden-
tical to that in the process freon condensers.

A Ioop Corrosion Inspection

Sections of four-inch steel pipe were removed from the supply and return
lines in K-309-2 for inspection to determine the internal conditions of the
system.

These lines had been in almost continuous service since start-up of K-25
and are assumed to be representative of all the steel lines in "A" loop.
Inspection revealed a moderate coating of what appeared to be calcium phos-
phate and/or calcium carbonate, somewhat heavier on the return line, over a
thin layer of iron oxide. Corrosion penetration was negligible on the sup-
ply line and less than 20 per cent of the wall thickness on the return line
with only moderate pitting. Based on these inspections, it appears that
internally the steel lines in "A" loop are in fairly good condition and that
satisfactory corrosion control exists. The treatment in this system is
straight polyphosphate.

External Corrosion, K-25 Recirculating Water Lines

The pipe-to-soil potential tests and spot inspections to determine the
external condition og the underground recirculating water lines serving K-25
have been completed.® From the results of these inspections it was concluded
that the extent of corrosion on these lines does not indicate immediate dan-~
ger and that, at present, ro program of corrosion control is necessary. A
few locations of moderate corrosion were found, primarily at locations where
poor coating of the lines existed. These locations were recoated with coal
tar enamel. OSpot applications of cathodic protection may be considered at a
later date should trouble arise in any of the affected areas.

hJ. L. Gamble, Progress Report, Corrosion Control and Zngineering, Re-
port No. 11, UCNC, Oak Ridge Gaseous Diffusion Plant, Uctober 8, 1957.

STbid.

6F. A, Lehmann, letter to W. C. Hartman, entitled "ESO M-22033 Comple-
tion Report," dated September 25, 1957.




K-892 Test Loop

The K-892 test loop was shut down after four months of the Betz Orocol 181
test. This test had been run to establish the degree of confidence with
which test loop results can be projected into an operating system and was
an interim test while awaiting softened Clinch River water for make-up.
During the first part of the test, good agreement with "G" loop results was
obtained. Later, due to erratic test loop control, results from the test
loop also became erratic.

However, heat transfer conditions remained good throughout the test, and a
Probolog inspection of the test condenser tubes revealed no pitting. De-
structive examination of two of the tubes from the test condenser confirmed
these results.

After consistent results were obtained on softening operations at K-892, a
new test was started. This is a low phosphate--high pH treatment, which
has not been tried here at the high temperatures involved. This treatment
uses Calgon "T" at 2.0 ppm metaphosphate and 7.7 pH. This is planned as a
long-term test, probably at least six months if the expected results are
obtained. Should difficulty arise regarding heat transfer, which could
very well happen at the higher pH value, some sort of sludge dispersal agent
may be considered.

A Loop (K-25 East) and B Ioop (K-25 West)

The combined A" and "B" loop pumpages decreased from 52 to L5 million gal-
lons per day, due mainly to power reductions associated with operating dif-
ficulties at the K-25 Power Station. The "AY loop return water temperature
decreased 1° to 122° F, and the average water control valve position, as
indicated in K-309-2, closed from Ll to 43 per cent open. The "B" loop
return water temperature dropped 2° to 105o F, and the average water con-
trol valve position, as indicated in K-30L-k, increased from 36 to LO per
cent open.

Recommendations7 for corrosion protection to the K-306 section during stand-
by conditions have been followed. Briefly, the coolant coolers and the unit
recirculating water supply and return headers were purged with dry air and
left vented to atmosphere. Protection for the short section of each unit
service line from the service valve to the main supply header was accomplished
by installation of a blind flange tapped for a one fourth-inch copper tube
fitting. The line attached to the blind flange will be continuously flushed
with cooling water to provide circulation for corrosion prevention.

7B. R. Webb, letter to G. T. E. Sheldon, entitled "Recommendations for
Stand-by Storage of K-306 Coolant Coolers and Recirculating Water Iines,"
dated September 5, 1957.




C Loop (K-27/K-29)

The "C" loop total pumpage requirements decreased from 42 to Ll million gal-
lons per day, and the return water temperature was constant at 132° F. The
K-27 water control valves, as indicated in K-L02-3, averaged opening from
L7.5 to 5L per cent, and the K-~29 water control valves, as indicated in
K-502-1, averaged closing from 5L to 52 per cent.

£ Loop (K-31)

There were indications of a slight loss in heat transfer characteristics

for ME! loop during this report period, as the pumpage requirements increased
from 82 to 8L million gallons per day and the return water temperature
dropped from 1LL° to 142° F. The water control valves, as indicated in
K~602-3, opened from 36 to LO per cent.

G Ioop (K-33)

There were also indications of some loss of heat transfer characteristics
for “G" loop, as the pumpage requirements increased from 220 to 228 million
gallons per day with a return water temperature drop of 0.5° to 147.5° F.
The water control valves, as indicated in K-902-li, opened from 58 to 63%.

Monthly Average Water Analyses

Attached are separate water analyses sheets for September and Uctober, 1957.
The "E" loop total treatment costs dropped below four mils per million BTU

removed as a result of higher concentration ratios being obtained with par-
tial softening of Clinch River make-up water.

0.0 D5 0o

C. C. Fowlkes

L4

J. L. Gamble

. Z
Approved: W %WN

W. C. Hartman
Process Utilities Department




MONTHLY AVERAGE WATER ANALYSES - SEPTEMBER, 1957

Clinch Poplar ______ RECIRCULATING WATER IOOP
P.P.M. River  Creek K-891  "AM ngn ngn hEn gn
Total Dissolved Solids  1L8 72 12 32k 32l 33k 1460 636
Hetaphosphate as NaP0, 0 0.20 0 6.87  8.32 10.82  7.10  5.22
Orthophosphate as NaPO, 0.06  0.68 0.0 6435  7.28  7.69 10.55 18.L5
Total Hardness as C:aLCO3 113 70 6l 156 158 175 260 362
Calcium as CaCO4 72 L8 Lk 95 96 101 16 210
M-Alkalinity as CaCo, oL 91 39 17 17 8 8 9
Turbidity as 510, 32.8  19.5 5.8 204 21.7 1.1 1.5  20.2
Copper as Cu - Soluble 0.0h  0.05 0.0 0,06 0.06 0.06 0,06 0.09
" moN oo Total 0.05 = 0.04 0.08 0,07 0.10 0.10 0,16
Total Iron as Fe 0.13 0.40 0,17 0.39 0.39 0.l42 0.L8 0.5L
Sulphate as (50),) h 6 b 56 59 111 162 223
Suspended Solids 28.L 10.0 5.6 12.6 11.6 5.3 7.5 12.5
Chromates as c'ro11 - - - - - 16.8 17.9  12.8
Manganese as Mn ‘0,05 0407 0,05 0.06 0,06 0.07 0.09 0.06
Zinc as Zn - - - - - 0.30 0,39 -
pH 7.66  T.58 947  6.78  6.77 6,00  6.00  6.05
Recirculating Water - - - Calgon Betz Dianodic
Treatment Used
Total Chemical - - - $1.119 $2.082 $1.35h $1.205
Treatment Costs Per
Million Gallons of
Water Recirculated
Total Chemical - - - - 5.26 3.50 3449

Treatment Costs
in Mils per MM
BTU Removed

A1l water analyses are averages of those made in the Process Utilities Laboratory with
the exception of the make-up water turbidities and all pH's which are averages of the
operators! hourly readings.




MONTHLY AVERAGE WATER ANALYSES - OCTOBER, 1957

PP Biver kg TR MR TOTmr o
Total Dissolved Solids 137 92 2Lé 257 340 118 578
Metaphosphate as NaPO3 0 0 TSk 8.61 9.92 6.72 5.25
Orthophosphate as NaPO;  0.08 0.08 7435  7.75  7.30  8.h6 17.34
Total Hardness as CaC0y 115 70 13 133-; 189 233 33L
Calcium as CaCO 85 I 87 9gf 101 133 18L
M-Alkalinity as CaCO, oL Lo 16 16 8 7 8
Turbidity as SiOs 19.1 3.5 15 16 11 12 15
Copper as Cu = Soluble 0.04 0.0L 0.05 0.06 0.06 0.06 0.06
n non - Total 0.0L 0.0hL 0.08 0.08 0.07 0.1  0.08
Total Iron as Fe 0.12 0.09 0.27 0427 0.23 0.25 0,36
Sulphate as (S0)) 5 N 66 70 118 15k 223
Suspended Solids 11.0 1.5 6.5 6.6 L.5 4.8 6.2
Chromates as CroO) - - - - 17.7  16.5 13.1
Manganese as Mn 0.0L 0.0 0,06 0,06 0.06 0.,07 0.05
Zinc as Zn - - - - 0.34 0.30 -
pH - T.61 9427 6,76  6.75  5.99  5.99  6.06
Recirculating Water - - -~ Calgon Betz Dianodic
Treatment Used
Total Chemical - - $1.155 $2.016 $1.290 $1.127
Treatment Costs Per
Million Gallons of
Water Recirculated
Total Chemical - - - 5.57  3.39  3.26

Treatment Costs
in Mils per MM
BTU Removed

All water analyses are averages of those made in the Process Utilities Laboratory
with the exception of the make-up water turbidities and all pH's which are aver-
ages of the operators! hourly readings.
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INTER-COMPANY CORRESPONDENCE
UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation

To: Mr. H. G. P. Snyder Plant: ORGDP
K-303-7

Date: February 6, 1958

Copies To: Attached Distribution Subject: Summary of Recirculating

Water Treatment Tests for
November and December, 1957

KP-570, Part No. 26

Summary

This report describes the results of all recirculating water treatment and
corrosion tests and outlines the operating results of all recirculating
water systems during November and December., 1957.

Corrosion Investigations

1.

WCX-163 (8-55)

Corrosion Rates. Probes for use with the Corrosometer are now in serv-

ice in all recirculating water loops. Corrosion rates indicated are
as follows:

Mils Per Year

Probe Iocation Days! Service Copper _ Steel
A Loop Supply 7 7.L3 . 3.39
A Loop Return . L 2.97 - 19.62
C Loop Supply 37 0.0L9 0.395
C Ioop Return (K-29) 37 0.419 0.395
E Loop Supply 135 0.135 0.51L
E Ioop Return 137 0.127 0.113
G Loop Supply 135 0.053 0.662
G Loop Return 10 0.156 0.L56

The corrosion rates for "A" loop are considered somewhat excessive even
vith the short service time on the probes. Present plans are to con-
firm these corrosion rates with additional probes and test nipples and
possibly examine a K-25 coolant cooler tube bundle.

Corrosion rates on the other recirculating water systems are satisfactory.

Probolog Results. During November and December, six K-31 freon condens-

ers which were replaced for the A-line cooling program were inspected
with the Probolog. All six were found to be severely pitted. One of
these was acid cleaned to confirm the Probolog results, and a total of
66 leaking tubes resulted. All six condensers were from K-602-1 and
were sent to Goslin-Birmingham for retubing.

One condenser was removed in K-502-2.lL as the result of freon leakage to

the water, and subsequent leak testing revealed two leaking tubes. This
condenser was inspected with the Probolog, and, although pitting was

This form for Inter-Company Correspondence only
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evident throughout the condenser, severe deflections at one point at a
baffle location were noted in each of the leaking tubes. The deflec-
tions were interpreted to be mechanical damage at those points. The

leaking tubes were plugged and the condenser will be used as a spare.

3, K-892 Test loop. Operation of the K-892 test loop utilizing Calgon,
Composition "T," was continued during this report period. During the
first month's operation the over-all heat transfer coefficient on the
test condenser dropped from 120 to $6 Btu/hr/sq £t/°F, but it has not
decreased significantly during the last six weeks of operation. This
heat transfer is considered satisfactory. Some deposition was expected
at the relatively high pH of 7.7.

Probes have been obtained for use with the Corrosometer in obtaining
corrosion rates for Calgon "T" operation.

Li. K-31, K=33 Cathodic Protection. Examination and analysis of anode cur-
rents and Ripe-to-soil potential tests reported by the Electrical Test
Department™ to the Engineering Department has been completed. Satis-
factory protection is being obtained throughout the system except for
one area east of the K-892G cooling tower. Plans and cost estimates
are being prepared for additional anodes and possibly an additional
rectifier for correction to this section.

A Loop (K-25 East) and B Loop (K~25 West)

The combined "A" and "B" loop pumpages decreased from L5 to LO million gal-
lons per day, due to pressure changes associated with the removal of "BY
cooling tower from service, reduced &ir plant usage, and process operational
changes which included raising the stage temperatures to 200° F for seven
cells and the elimination of about ten coolant coolers from service.

The changing of the cooler air plant return water to AR loop from “BY loop
resulted in a 3° F drop to 119° F for "A" loop and an increase of 7° to
112° F for "B" loop.

The water control valve positions indicate no significant change in heat
transfer characteristics. The average water control valve position, as
indiceted in K-309-2, opened from L3 to L)y per cent open, and the average
water control valve position, as indicated in K-30h-l, closed from LO to
38 per cent open.

C Ioop (K=27/%K-29)

The "C" loop total pumpage requirements decreased from L1 to 39.5 million
gallons per day, and the return water temperature increased from 132 to

;R. A. West, letter to F. A. Lehmamn, entitled "K=-31, K-33 Cooling
Water Cathodic Protection," dated November 19, 1957.
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133o F. The K-27 water control valves, as indicated in K-L02-3, averaged
closing from S5k to L7% open, ard the K-29 water control valves, as indicated
in K=-502-1, averaged closing from 52 to LOZ open.

While the K-27 indications of improved heat transfer as noted above could

be ascribed to process changes associated with converting seven of the ten
K-102-3 cells to the badger cluster arrangement, no reason is known for the
K-29 improvement. So, it is possible that continued operation with softened
make-up water is responsible for at least part of the improved heat trans-
fer in both K-27 and K-29.

E Loop (K-31)

There were no indications of any change in heat transfer characteristics
during this report period.

G Loop (K=33)

There were indications of improved heat transfer for "G" loop during this
report period, as pumpage requirements decreased from 228 to 225 million
gallons per day; the return water temperature increased 0.5° to 1L8° F,
and the average water control valve position, as indicated in K-502=l,
closed from 63 to 61% open.

Monthly Average Weter Analyses

Attached are separate water analyses sheets for November and December, 1957.

C.CFnvtles

C. C. Fowlkes

. L. Gamble

Approved: W V
artman

Process Utilities Department

°



MONTHLY AVERAGE WATER AWALYSES - MOVEMBER, 1957

Total Dissolved Solids
Metaphosphate as NaPO3
Orthophosphate as NaP03
Total Hardness as Ca003
Calcium as CaCOj
M-Alkalinity as CaCOj
Turbidity as S5i0p

Copper as Cu ~ Soluble
1 ® N . Total

Total Iron as Fe
Sulphate as (SOh)
Suspended Solids
Chromates .as CrOh
Manganese as Mn

Zinc as Zn

Clinch Accelator

RECIRCULATING WATER IOOP

PH

Recirculating Water
Treatment Used

Total Chemical

P.P.M. River Effluent AT TEH nCh WEN el
13k 108 232 236 323 LLh 432
0 0 7.3  7.15 9.27  5.11  5.99
0.04 0.0k 7.8 7.71  8.12 12.90 12.68
10l 7k 131 132 192 256 270
6l Ll 82 80 100 139 146
76 L1 1k 13 8 7 7
51.9 1.8 12 12 12 17 17
005 9% 0% 0% 008 oms ot
0.25 0.10 0.28 0.26 0.28 0.30 0.38
6 7 73 73 115 177 237
39.0 2.7 5.2 5.2 5.5 8.8 8.9
- - - - 16.0 16.4 10.0
0.0k 0.0L 0.0y o0.0h, 0.04b 0.04L 0.0h
- - - - 0.3, 0.38 -
7.65 9.27 6.72 6.74  6.00 6.00  6.09
- - Calgon Betz Dianodic
- - $1.076 $1.833 $1.303 $1.20k

Treatment Costs Per
Million Gallons of
Water Recirculated

Total Chemical
Treatment Costs
in Mils per MM
BTU Removed

5.10

3.50

3.47

All water znalyses are averages of those made in the Process Utilities Laboratory
with the exception of the make-up water turbidities and all pH's which are aver-
ages of the operators' hourly readings.
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MONTHLY AVERAGE WATER ANALYSES - DECEMBER, 1957

Clinch Accelator
Effluent

P.P.M. River

RECIRCULATING WATER IOOP

RN R ngn . wan ngw

Total Dissolved Solids 115 102
lMetaphosphate as NaPO3 0 0

Orthophos phate as NaPOj 0.10 0.08

Total Hardness as CaCO3 110 88
Calcium as CaCO3 70 shL
M-Alkelinity as CaCOs 81 L9
Turtidity as SiO, 38.9 3.8
Copper as Cu - Soluble 0.05- 0.05-
" mon o Tobal 0.05- 0.05-
Total Iron as Fe 0.94 0.27
Sulphate as (S0)) 6 6
Suspended Solids 76 6

Chromates as CrOh - -

210 215 3l0 L66 L30
5.85 5.20 B8.21  6.69  6.50
7.29  7.81  9.17 12.70 12.07

133 134 209 289 272

8L 81 112 147 136
15 1 8 9 8
11 11 8 9 11

0.05 0.06 0.05 0.07 0.07
0.10 0.10 0.09 0.10 0.16

0.28 0.28 0.30 0.38 0.l1
56 58 116 192 200

- - 15.6 20.5 10.2
0.05 0.05 0.05 0.05 0.05

- - C.33 0.33 -

Manganese as Mn 0.05- 0.05-
Zinc as Zn : - -

Recirculating Water - -
Treatment Used

Totel Chemical - -
Treatment Costs Per
Million Gallons of
Water Recirculated

Totzl Chemical - -
Treatment Costs
in MHils per MM
BTU Removed

6.73 6.73 5.99 6.00 6.06

Calgon Betz Dianodic

$0.821 $1.936 $1.L35 $1.2L6

- 5.16 3.88 3.58

211 water analyses are averages of those made in the Prccess Utilities Laboratory
with the exception of the make-up water turbidities and 11 pH's vhich are aver-

ages of the operators! hourly readings.
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Summary

This report describes the results of all recirculating water treatment tests
and outlines the operating results of all recirculating water systems for
January and February, 1958.

Corrosion Investigations

L.

Condenser Tube Examinations. Several K-31 freon condensers, retubed

by Goslin-Birmingham with tubes produced by Wolverine subsequent to
recent improvements in manufacturing techniques, have been examined.
Tubes in all except one of the condensers received since Wolverine began
using E. F. Houghton Rolling 0il No. 1207 as a lubricant for the pro-
duction and finning operations have contained no more than light stains
resulting from insufficient drying after the wet steam cleaning at
Gos1lin-Birmingham.l The acid cleaning and trichloroethylene degreasing
stéps were omitted in preparing these condensers for service.

The one exception to the extremely good condition of the recently re-
ceived condensers contained large quantities of solder and flux in sev-
eral tubes at the tube sheet ends, as revegaled by a Boroscopic examina-
tion.® A Probolog examination of this condenser indicated the presence
of solder and/or corrosion extending almost the entire length of some
tubes. Severe stain, and in some instances corrosion, was associated
with the flux deposits. This condenser was acid cleaned to remove the
deposits.

Mercury Analyses. Mercury analyses have been completed on 11 sets of

daily spot samples of "G," "E," and "G" loop waters, K-892 A and B
effluent, and Clinch River water at the powerhouse inlet.3 Average
values are 2 ppb mercury at the powerhouse inlet and 10 ppb at the K-892
effluent. Eleven, 19, and 1L ppb were found in "C," "E," and "G" loops

1Technical Division Weekly Report, Week Ending January 10, 1958, UCNC,

ORGDP, Jamuary 13, 1958, (KLI-I1L5-29). (Secret)

2
Technical Division Weekly Report, Week Ending February 7, 1958,

(KI-1, Part 2). (Secret)

WCX-163 (8-55)

3Ibid.

This form for Inter-Company Correspondence only
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respectively. These values are considerably below those present (70 to
150 ppb) when Poplar Creek was used for make=up.

Qualitative spectrochemical analysis of tube scale from an originally
installed K-31 freon condenser, recently removed from ﬁervice, indicated
mercury in concentrations ranging from 100 to 300 ppm.“ Analysis of
scale from 2 K-25 coolant cooler has shown 300 ppm mercury. Mercury
has also been found in water-side scale from powerhouse condensers in
concentrations up to 300 ppm.

Continuing analysis for mercury in Clinch River water, recirculating
water, and condenser scale is planned to determine the distribufion of
mercury in the various recirgulating water systems as an aid in the
evaluation of the effects of*Clinch River make-up water.

3, Corrosion Rates. Corrosion rates for "A," ng,m WE," and "G" loop recir-
culating water systems have been determined with the Corrosometer. These
corrosion curves are shown in Figures 1, 2, 3, and L. All are considered
satisfactory for the type treatment used in each loop.

i. Test Condenser Inspection. Steam-heated test condensers, simulating
conditions in process freon condensers, in K-29, K-31, and K-33 were
inspected with the Probolog.” The K-29 and K-31 test condensers con~
tain copper tubes ranging from four to eight months' service time. The
K-33 test condenser contains tubes ranging from six to nineteen months'?
service time. No indications of pitting attack were found in any of
these condensers.

- 5§, Coolant Cooler Tube Examination. Four sections of copper tubes removed
FTrom & coolant cooler in K~-302-L have been.examined to evaluate the
extent of water-side corrosion.® The examination showed that the tubes
had suffered some corrosive attack. About 76% of the tube surfaces
showed a slight general attack and moderate pitting, about 6% wall pene-
tration, had occurred on about 18% of the area. No previous examination
results were available for comparison. The results of this examination
appear to bear out the Corrosometer indications of 1.0~ to 1l.5-mil-per-
year copper corrosion rate and to-indicate the necessity of a close watch
over corrosion control in M"AM and "B" recirculating water loops where
Poplar Creek water is still the primary source of make-up. It should be
noted, however,,that this coolant cooler has been in service for 13 to

1l years; thus the total corrosion is not considered serious at this time.

6. K-892 Test loop Resuits. A four-month test of Calgon, Composition "TG"
was completed. Conditions for this test were:

brpig.

5w. C. Hartman, Procéss Utilities Department Operating Sumery, Week
Ending Jenuary 26, 1958, January 27, 1958.

6‘W.'S. Dritt and G. L. Marshall to J. L. Gamble, "Coolant Cooler Tubes:
Examination of Tube from K=25," February 13, 1958, (KL-27).
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Make=-up Clinch River, partially softened
Suppiy Temperature 105° F

Return Temperature 150° F

Tube Velocity Iy feet/second
pH 7.7
Metaphosphate 2.C ppm

Conicentrztion Ratio 3:1

Corrosion rates determined by Ccrrosometer probes inserted in the reser-
voir are shown on Figure 5. Good protection was obtained on copper and
verified by Probolog examination of the test condenser tubes, but prac-
tically no protection was obtained on the steel probe--the corrosion
rates being about the same as those obtained with no inhibitor on sani-
tary water. Probclog results of the condenser tubes revealed no pitting.

While very good heat transfer rates had previously been obteined in K-31
at low phosphate--high pH conditicns, there was considerabie doubt as

to the szmount of deposition that would be encountered at the higher test
temperatures, particularly with a phosphate having a zinc additive.

Plans had been made to try a sludge dispersal agent if a scaling problem
developed. However; no trouble was experienced with heat transfer through-
out the test, and the heat transfer coefficients are shown on Figure 6.

It should be noted that the conditions of this test were not recommended
by any of the water treating consultants.

A plant-scale test in "A" and "B" loops utilizing Calgon "TG" will be
run (see discussion under "“A" and "B" Loops).

7. Probolog Operations. In addition to the tests made on the test loop and
steam-heated test condensers already described; a total of eleven prqe-
ess. freon condensers were examined with the Probolog. ZEight of these
were K-31 condensers removed during the ALC program. All eight were
found to be pitted. Acid cleaning 2nd leak testing of one of these de-
tected 33 lezking tubes. All eight were sent to Goslin-Birmingham for
retubing.

Two K=33 condensers were examined, and. although they were found to be
pitted, it was recommended that they be retained as spares.

One K=29 condenser was examined and found to be pitted. This condenser
contained 21 leaking tubes after acid cleaning and leak testing.

Tests and operating results of +the individual loops are as fcllowss

A Loop (K~25 East) and B Loop (K-25 West)

The combined "A" and "B" loop pumpage was constant at 1O million gallons per
day. There were slight indications of loss of heet transfer characteristics;
however, as the "A" loop return temperature dropped 0.5° to 118.5° F, anc the
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"Rt loop return temperature dropped 106)to 111° F. The "A" loop average
water control valve position, as indicated in K=309=2, opened from Ll to
18 per cent open; and the "B" loop average water control valve position,
as indicated in K=30L-li, opened from 38 to LO per cent open.

The conditions of the recent Calgon "TG" test run in the K-892 test loop
have been extended to a plant-scale trial for about three months in the nAn
and "B" recirculating water systems. The Calgon "TG" material was already
on hand and would have been declared surplus if not soon used. As compared
with the present "A" and "B" loop treatment, it is believed that the treat-
ment on trial will be more economical due to the small phosphate feed rate
required to meintain 1 fo 2 ppm metaphosphate and the almost complete elimi-
nation of acid requirements at an operating pH of 7.7 to 7.8. It also ap-
pears that the heat transfer rates and the .copper corrosion rates will be
better than now being experienced:- On the negative side, it seems certain
that the steel corrosion rate will not be as good as that now being obtained.

C Loop (K-27/K=29)

With 'a small increase in power load, the "C" loop pumpage increased 0.5
mi%%ibn gallons per day to LO, and the return temperature increased 2° to
135% F.

The K-27 water control valves, as indicated in K-102=3, averaged closing
from L7 to LO% open. Reversing the improvement shown in the last report
period, the K=29 water control valves, as indicated in K-502-1, opened from
L0 to 50% open.

The improvement noted in K-l02-3 is undoubtedly due to raising the stage

temperature‘apprpximately 30° F for all ten cells and converting the final
three cells of this section to the badger cluster arrangement.

E Ioop.(K=31)

There were no indications of any appreciable change in heat transfer char-
acteristics during this report period.

G Ioop (K-33)

There were evidences of definite improvement in heat trensfer characteristics
by February 1L of this report period. By that date the pumpage requirements
had decreased from 225 to 217 million gallons per day and the water control
valves, as indicated in K=902-l, had closed from 61 to 55% open.

On February 15, the "G" loop supply temperature was dropped to 95° F for a
special cascade test and this apparently adversely affected heat transfer.
By the end of February, with normal operating conditions, the pumpage had
increased to 220 million gallons per day and the K=902=l; water control valves
opened from 55 to 67% open.
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Monthly Average Water Analyses

Attached are separate water analyses sheets for January and February, 1958.

C.¢C. Frvbloa

C. C. Fowlkes

=AY A

/7 J. L. Gamble

spproveds 2 ~ ,%Vézow

W, C. Hartman
Process Utilities Department




MONTHLY AVERAGE WATER ANALYSES - JANUARY, 1958

Poplar Clinch Accelator

RECIRCULATION WATER ILOOP

P.P.M. Creek River Effluent VAT g ngH BN G

Total Dissolved Solids 158 1L0 86 236 235 350 130 h12
Metaphosphate as NaPOy 0.52  0.02 0.02 9.08 8.07 8.06 7.01  6.00
Orthophosphate as NaFOj 0.37 0.05- 0.05- 9.L1 9.87 9.73 11.72 11l.7L
Total Hardness as CaCOB 101 116 75 142 1 200 260 2sh
Calcium as CaCOj 68 77 37 8h 78 107 128 13}
M-Alkalinity as CaCOs3 n 88 L2 15 ik 9 9 8
Turbidity as 5105 15.9 12.3 3.5 5 6 6 6 7
Copper as Cu - Soluble 0.05- 0.C5- 0.05- 0.06 0.06 0.06 0.06 0.09
Copper as Cu - Total 0.05- 0.05- 0.05- 0.07 0.07 0.06 6.09 0.13
Total Iron as Fe 0.L40 0.L6 0.33 O.Llh  0.L6 0.51  0.57 0.5k
Sulphate as (S0),) 8 5 6 76 77 158 237 212
Suspended Solids 2 10 1 2 2 2 2 3
Manganese as Mn - 0.05- 0.05~ 0.05 0.06 0.05 0.05 0.05-
Chromates as CrO - - - - - 18.8  19.L  11.6
pH 7.16 7.88 9.68 6.70 6.70  5.99 6.00  6.0L
Recirculating Water - - - Calgon Beto Dianodic

Treatment Used
Total Chemical - - - $1.103  $1.969 $1.376 $1.233

Treatment Costs Per

Million Gallons of

Water Recirculated
Total Chemical - - - - - 5.25  3.72  3.L5

Treatment Costs
in Mils per MM
BTU Removed

A1l water analyses are averages of those made in the Process Utilities Laboratory with

the exception of the make-up water turbidities and 211 pH's which are averages of the

operators' hourly readings.
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MONTHLY AVERAGE WATER ANALYSES -~ FZBRUARY, 1958

Poplar Clinch Accelator RECIRCULATING WATFR IOOP

P.P.M. Creek River Effluent nAn gy nen HEW hGh
Total Dissolved Solids 151 133 8L 285 286 37k 373 407
Metaphosphate as NaPOj 0.08 0.00 0.00 10.08 10.51 8.52 6.89 5.98
Orthophosphate as NaPOj 0.L2  0.03 0.03 12,96 13.13  10.80 9.09 11.36
Totel Herdness as CaCO3 112 118 76 166 142 211 245 2L5
Calcium as CaCOj 76 78 L2 92 89 110 118 12l
M-Alkalinity as CaCOs €5 80 L6 1L 1 8 9 8
Turbidity as SiOs 16.7 13.5 2.9 6 5 L 5 5
Copper as Cu - Soluble 0,05~ 0.05- 0.05- 0.06 0.06 0.05 0.06 0.07
Copper as Cu - Total 0.05~ 0.05- 0.05~ 0.06 0.06 0.05 0.06 0.07
Total Iron as Fe 0.33 0.32 0.20 0.32 0.30 0.33 0.27 Q.30
Sulphate as (80),) 15 10 10 17 152 197 220 227
Suspended Solids 1.5 L.2 0.5~ 2.5 2.2 1.9 2.2 2.3
Manganese as Mn 0.06  0.05-  0.05- 0.06 0.06 0.05 0.07 0.05
Chromates as Cr0), - - - - - 20.0 18.5 11.6
pH 7.18 8.20 10.10 6.7 . 6.71  6.00 6.00  6.07
Recirculating Water - - - Calgon Betz Dianodic

Treatment Used

Total Chemical - - - $0.987 $1.686 $1.388 $1.257
Treatment Costs Per

Million Gallons of
Water Recirculated

Totzl Chemizal - - - - L.t 3.59 3.L2
Treatment Costs
in Mils per MM
BTU Removed

All water analyses are averages of those made in the Process Utilities lLaboratory with
the exception of the meke-up water turbidities and all pH's which are averages of the
operstors’ hourly readings.
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